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TOTAL TRAINING 
CAPABILITY 

The Link Division of The Singer Com¬ 
pany is the world’s most experienced pro¬ 
ducer of sophisticated training systems. 

The organization dates back more than 
half a century. During World War II thou¬ 
sands of U.S. and allied pilots learned to 
fly in the “Blue Box,” the famed Link* in¬ 
strument trainer. 

Since then Link has kept pace with ad¬ 
vances in aerospace, supplying training 
systems for each new type of aircraft and 
also for space vehicles which took men to 
the moon. 

It also has extended its training exper¬ 
tise to other areas, which are as diverse as 
they are involved. They include industrial 
trainers, power plant simulators, naval and 
maritime training systems and railroad 
simulators. 

Link, whose pioneering products range 
from fundamental part task devices to 
elaborate full mission systems, has earned 
its reputation as the organization with to¬ 
tal training capability. 



Facilities and Personnel 

Link maintains four production facili¬ 
ties, totaling more than a million square 
feet, in the United States and England. It 
employs nearly 6,000 persons, more than 
a third of whom are engineering person¬ 
nel. 

Headquarters are in Binghamton, N.Y., 
center of Flight Simulation Operations 
and various administrative and support 
services. Among the products of this facil¬ 
ity, which covers 599,000 square feet, are 
flight and mission simulators, general avi¬ 
ation flight trainers and visual systems. 

Additional facilities, totaling 209,000 
square feet, in Silver Spring, Maryland are 
devoted to antisubmarine warfare, flight, 
naval/maritime and transportation train¬ 
ing systems, power plant simulators and 
industrial trainers. 

Advanced Products Operations, in Sun¬ 
nyvale, California, with 182,000 square 
feet, is concerned with research and de¬ 
velopment as well as manufacturing. Its 
principal products include computer-gen¬ 
erated visual systems and digital radar 
landmass simulators. 

The fourth facility, covering 130,000 
square feet, is Link-Miles Division of The 
Singer Company (U.K.) Ltd. in Lancing, 
Sussex, England, whose experience in air¬ 
crew training spans nearly half a century. 
Its products include training systems for 
military and commercial aircraft and 
tracked vehicles. 

Although each facility specializes, all 
share in a common pool of resources. 
There is a continuous cross-fertilization of 
concepts and an interchange of tech¬ 
niques and systems, assuring that each 
customer can avail himself of Links full 
training capability. 































Commercial Flight Simulators 

Link preeminence in the field of 
commercial simulation has been 
repeatedly reconfirmed, as evidenced 
by such notable achievements as: 

• First commercial jet transport 
simulator, the DC-8, in 1958. 

• First operational commercial 
digital flight simulator, the 
Boeing 727, in 1963. 

• First dual simulator installation 
utilizing a single digital computer, 
a Boeing 707/707, in 1966. 

• First operational wide body jet 
transport simulator, a Boeing 
747, in 1970. 

• First SST simulator exclusively 
for training, a Concorde, in 1975. 


These achievements attest to 
advancements in simulator state-of-the- 
art. Further evidence of the quality 
inherent in every Link* commercial 
simulator is that each is designed to 
meet or exceed FAA certification 
requirements. 







































Serving the World’s Major Airlines 

Purchasers of Link* simulators 
include the best known names in 
commercial aviation. 

In the past 10 years alone this 
organization has designed and built 
more than 100 training systems for the 
world’s major airlines. 

An indication of the universality of 
Link’s clientele—and of the diversity of 
its products—can be seen in the 
following list of simulator sales. 



B AC-111 

DC-9 

737 

(JSAir 

Aeromexico 

Ansett 

Beechcraft A-90 

Alitalia 

Malaysian 

Canadian Govt. (2) 

ATI 

747 

F-27 

Continental 

Air France 

Malaysian 

Delta (2) 

All Nippon 

USAir 

Eastern 

American 

F-28 

Hughes Airwest 

BA 

Linjeflyg 

Iberia 

Cathay Pacific 

SAS 

SAS (2) 

Flying Tiger 

FH-227 

Southern 

Kuwait 

USAir 

Texas Int’I 

Northwest 

Falcon 10 

TWA 

Pan Am (2) 

FlightSafety 

707 

Qantas (4) 

Falcon 20 

Aer Lingus 

S. African 

FlightSafety 

Air France 

Thai IntM 

JAL 

Air India 

TWA 

Learjet 

Alia 

United 

FlightSafety 

American (4) 

767 

Sabreliner 60 

BA (2) 

American (2) 

FlightSafety 

Boeing 

Ansett 

Sabreliner 75 

Egyptair 

Delta 

FlightSafety 

Iran Air 

L-1011 

Gulfstream 11 

Northwest 

BA 

FlightSafety 

Pakistan 

Delta 

DC-8 

Pan Am (4) 

Eastern 

Aeromexico 

Qantas (2) 

Pan Am 

Air Canada 

TWA (3) 

TWA 

Alitalia (2) 

720 

DC-10 

Delta 

Continental 

Alitalia 

Eastern 

Eastern 

Continental 

Flying Tiger 

Olympic 

National 

JAL 

727 

Northwest 

KLM 

Air France 

Sabena 

National 

Alitalia 

SAS 

SAS 

All Nippon 

A-300B 

Thai lnt*l 

American (5) 

Lufthansa 

United (3) 

Ansett 

Concorde 


Braniff (2) 
Continental 

Delta (4) 

Eastern (3) 
Federal Express 
Iberia 

Iran Air 

Lufthansa 

Mexicana 

National 

Northwest 

Pan Am (3) 

TWA (3) 

United (4) 

USAir 

BAC 





Advanced Simulation 
Technology 



Advanced Simulation Technology 
was developed to provide a new gen¬ 
eration of Link* flight simulators to 
meet training requirements for a new 
generation of aircraft. 

This was accomplished by rede¬ 
signing simulators “from the ground 
up,” introducing new concepts and 
techniques which have advanced the 
state-of-the-art in the quest for 100% 
simulation. 

A far-reaching research and devel¬ 
opment program produced improve¬ 
ments in every major element of 
simulator design. Mew interconnec¬ 
tion, power, aural cue, control 
loading and motion systems were 
developed. 

Traditional concepts were aban¬ 
doned in favor of the many practical 
benefits that modern electronic 
packaging techniques can provide. 
The result is significant improve¬ 
ments in performance, reliability, 
maintainability and life cycle costs. 

An entirely new approach to sim¬ 
ulator packaging is one of the most 
distinctive and practical features of 
AST* simulators. Nearly all compo¬ 
nents are self-contained within an oc¬ 
tagonal enclosure about the cockpit, 
reducing by 80% the space normally 
required for conventional simulator 
interface and making the electronics 
readily accessible for maintenance. 
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Consequently the exterior of the 
simulated flight compartment no 
longer resembles the aircraft but the 
interior is an exact replica. 


Improved performance is achieved 
in part by using latest state-of-the-art 
mini-computers and an on-line fault 
detection system. Also contributing 
to more efficient functioning are a re¬ 
designed six-degree-of-freedom mo¬ 
tion system, a new hybrid control 
loader, a quadraphonic sound sys¬ 
tem and improved instructional facil¬ 
ities. 

Higher reliability is attained by 
using miniaturized electronics and 
standardized hardware elements, sig¬ 
nificantly reducing the number of 
components. Maintenance time is re¬ 
duced by the automatic monitor and 
fault detection system that continu¬ 
ously checks the equipment while it's 
being used, thereby increasing sim¬ 
ulator availability. 

A number of airlines have availed 
themselves of this new technology 
which is being employed for current 
and new generation air transport air¬ 
craft. The technology also is widely 
used in militry simulators, such as 
the B-52/KC-135, C-130, F-14, F-16 
and (JPT-IFS, and in the Shuttle Mis- 
sion Simulator. 
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Supersonic Flight Simulator 

Link was awarded a contract for 
much of the work on the world’s first 
supersonic aircraft simulator de¬ 
signed exclusively for training. 

This undertaking included a full re¬ 
production of a Concorde flight 
deck, mounted on a Link* six-de- 
gree-of-freedom motion system. The 
flight deck includes the captain’s, 
first officer’s and third crew mem¬ 
ber’s stations. Immediately behind 
the captain’s seat is an on-board in¬ 
structor’s station, with sophisticated 
training facilities, including record¬ 
ers for tracing the ground path of the 
simulated aircraft. 

The flight deck is linked with a 
closed circuit color television visual 
display. 

Link was given the additional as¬ 
signment of designing the building 
to house the simulator. 














Instructors can freeze a simulator 
flight at any point to explain mis¬ 
takes and then resume the training 
exercise as if no interruption had oc¬ 
curred. There are various degrees of 
freezes: the entire operation can be 
stopped, the simulated aircraft can 
be stopped but with engines and 
other systems continuing to func¬ 
tion, or the simulator can remain 
“flyable” but with no recorded move¬ 
ment on the ground path recorder. 

Numerous highly realistic mal¬ 
functions can be simulated: for ex¬ 
ample, subtle problems such as slow 
hydraulic leaks to test the alertness 
of trainees and traumatic failures 
such as flame-outs. 

Simulation also includes pressuri¬ 
zation, oxygen systems and fully 
functioning automatic pilot systems. 

Another indication of the flexibil¬ 
ity of these simulators is that service 
bulletins affecting the flight charac¬ 
teristics of any particular aircraft, or 
other modifications such as a change 
in thrust reverser characteristics, can 
be readily programmed into the digi¬ 
tal computers which direct the simu¬ 
lators’ performance. The computer 
program can also easily accommo¬ 
date any navaids, such as VOR, ADF, 
DME, and ILS functions, as well as 
R-NAV. 



Business Jet Simulators 

Using the latest digital computer 
technology, Link has developed ad¬ 
vanced training systems for business 
aviation. 

These devices can be equipped 
with visual and motion systems to 
permit a full range of training activity 
comparable to that available to ma¬ 
jor airlines. 

The visual systems provide elec¬ 
tronically-generated images, repre¬ 
senting various approach situations 
and airport configurations, with 
highly realistic variation of cloud 
heights down to CAT III conditions. 
The systems are so flexible they can 
represent operating areas anywhere 
in the world. 

Three-axis motion systems pro¬ 
duce pitch, roll and vertical transla¬ 
tion. Other motion and audio cues in¬ 
clude rough air, speed brakes, flaps 
or gear down buffeting and associ¬ 
ated noises. 


Instructor stations are movable. 
From behind the pilot and co-pilot 
positions, the instructor’s console 
and recording chart can be swung 
forward so the instructor can occupy 
the co-pilot seat for single-pilot train¬ 
ing. 

















Military Simulators 

Today’s military simulators are 
highly sophisticated. They are 
capable of actual duplication of 
the flight environment of high- 
performance jet fighters and 
bombers. In addition they 
realistically reproduce the radar, 
electronic countermeasures and 
weapon delivery systems of a total 
weapons system. 

The modern military simulator 
depends upon a digital computer 
complex to provide the pilot and 
weapon operator with flight and 
tactical situations closely 
resembling those confronted in 
actual combat. The digital 
computer is the brain of the 
simulator, interfacing with the 
pilot cockpit, instructor station, 
motion system, radar landmass 
systems, radar homing and 
warning system, and the various 
missile and weapon delivery 
systems. 

The full military simulator 
product line covers a broad 
spectrum: fighter/attack aircraft 
such as the F-4 series, F-lll 
series, F-5E, F-14A, F-16 and 
Swedish AJ-37 and JA-37; 
antisubmarine warfare aircraft 
such as the S-3A and P-3C series; 
training aircraft such as the T-2C, 
T-37, T-38 and Hawk; helicopters 
such as the UH-1H, CH-47C, AH-1S 
and UH-60A; bomber aircraft like 
the B-52 and FB-111; cargo 
aircraft such as the C-130 and 
KC-135; and tanks such as the 
British Chieftain. 




























Aircraft Simulated 



The full range of Link’s 
experience in military training is 
indicated by the following list of 
military aircraft simulated. 


BOMBER 

J-35 

A-3D 

JA-37 

A-3J 

Jaguar 

AD-5N 

Sea Vixen 

A-5A 

Tornado (MRCA) 

B-47 

HELICOPTER 

B-52 

AH-1Q 

B-57B 

AH-1S 

B-58 

AH-1J 

FB-111A 

214 

FIGHTER 

CH-47C 

A-7A 

Sea King 

AJ-37 

GH-1H 

Buccaneer 

GH-60A 

F2H2 

ASW 

F2H3 

Breuguet 1150 

F-3D 

P2V5 

F-4C 

P2V7 

F-4D 

P-3 A 

F-4D-IR 

P-3B 

F-4E 

P-3C 

F-4F 

P-5M 

F-4J 

S2E 

F-5E 

S2F1 

F-8A 

S2F3 

F-8C 

S-3A 

F-8E 

CARGO 

F-8G 

C-130B 

F8F-1 

C-130E 

F9F2 

C-130H 

F9F5 

C-130K 

F9F6 

C-135B 

FI IF 

C-141A 

F-14A 

KC-130F 

F-16 

KC-135A 

F-86D 

TRAINER 

F-86L 

SNJ 

F-89 

T-2C 

F-101B 

T-28B 

F 102 

T-37 

F-104A 

T-38 

F-104J 

T-39 

F-105D 

Hawk 

F-106 

Jastreb 

F-111A 

RECONNAISSANCE 

F-111C 

RA-5C 

F-l 1 ID 

RB-66 

F-111E 

RF-4C 

F-111F 

RF-4E 

Harrier 

Sea Harrier 

SR-71 





F-4 Weapon System Trainers 

Link has produced more than 70 
weapon system trainers (WST’s) in 
the F-4 series. 

These have been provided for the 
Cl.S. Air Force, (J.S. Navy and U.S. 
Marine Corps, as well as international 
customers. 

All include a motion system, com¬ 
puter complex, trainee cockpit, in¬ 
structor station and radar landmass. 
Radar homing and warning systems 
and various missile and weapon de¬ 
livery systems also were simulated 
and tailored to the specific WST. ► 
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While the older F-4’s were 
mounted on two-degree-of-freedom 
motion systems, it is significant to 
note that as the state-of-the-art im¬ 
proved and more realism was de¬ 
manded by the pilots five- and six- 
degree-of-freedom motion systems 
were provided, along with visual sys¬ 
tems in specific cases. The F-4F and 
the most recent F-4E WST’s have the 
new Link* digital radar landmass 
system. 


The most recent F-4 WST’s em¬ 
ploying full digital simulation have 
demonstrated improved reliability 
and maintainability. They also have 
proven their versatility, through 
modification and updating of soft¬ 
ware. 


The versatility of F-4 WST design 
is evidenced in the selection by the 
CISAF Aeronautical Systems Division 
of two F-4 simulator cockpits as the 
basic modules of the Simulator for 
Air-to-Air Combat. Both F-4 cockpits 
are capable of being reprogrammed 
to represent flight performance of 
any other fighter aircraft. 
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F-lll Weapon System 
Trainers 

Another major military weapon 
system trainer accomplishment of 
Link was the design and manufacture 
of F-lll simulators for the CI.S. Air 
Force. 

These provide an integrated air-to- 
air and air-to-ground training capa¬ 
bility in all phases of the radar and ar¬ 
mament systems. 

The major features are radar land- 
mass simulation, air target genera¬ 
tion, jamming and chaff generation, 
and GAR-8, GAM-83 and Shrike mis¬ 


sile simulation, as well as conven¬ 
tional and nuclear weapons. 

Typical of the F-lll family is the 
F-l 11A which is designed to accom¬ 
plish the total ground-based curricu¬ 
lum—systems, procedural and com¬ 
plete mission training. 

Its target generation capabilities 
include six air targets with provision 
for expansion to 12, 10 ground tar¬ 
gets, 12 chaff bundles, 16 jammers 
and one decoy drone. 

Radar simulation includes air-to- 
air, ground mapping (landmass), fix¬ 
taking, terrain following, and terrain 
avoidance capabilities. 










F-5E Weapon System 
Simulators 

F-5E Weapon System Simulators 
are compact low-cost units, with 
modular design which reduces pro¬ 
duction and testing time and simpli¬ 
fies maintenance. 

Each simulator consists of three 
major sub-assemblies: an instructor 
station, electronics cabinets and a 
trainee cockpit mounted on a motion 
platform. Digital computers provide 
simulation of flight, engine, naviga¬ 
tion and accessory systems of this 
advanced aircraft. 



The instructor station contains a 
flexible, graphic CRT display system, 
a keyboard console control unit and 
auxiliary control panels which en¬ 
able instructors to control simulated 
training missions. 

The cockpit interior realistically 
duplicates the flight controls and air¬ 
craft panels and instruments. Pri¬ 
mary flight control forces are simu¬ 
lated by electrohydraulic control 
loading units which simulate control 
forces throughout all simulated flight 
regimes. A rugged, fail-safe platform 
provides cockpit motion in six de¬ 
grees of freedom. 

Reality is further enhanced by sim¬ 
ulating the radar and visual system 
which furnishes air-to-air and air-to- 
ground weapon delivery training. 
The visual scene includes a terrain 
representation and representative air 
and ground targets, plus a runway 
presentation for straight-in landing 
practice. 


Several options are available, in¬ 
cluding one (Computer Aided In¬ 
struction) which enables the simula¬ 
tor, under computer control, to fly a 
selected training maneuver to brief 
students before they attempt the 
same maneuver. This option also 
permits trainee performance to be 
compared automatically with prepro¬ 
grammed mission profile data, in¬ 
forming instructors when errors oc¬ 
cur. Since automatic playback and 
instructor printout are features of the 
basic WST, the addition of this op¬ 
tion provides an important tool for 
monitoring transition of learning. 

Another option provides training 
in use of the LN33 inertial navigation 
system. 











F-14A Weapon System 
Trainers 


Link designed two weapon system 
trainers to support the (J.S. Navy 
F-14A program. 

The trainers duplicate the total tac¬ 
tical and natural environment within 
which the F-14A Tomcat aircraft op¬ 
erates, ranging from carrier catapult 
launch to automatic weather recov¬ 
ery aboard ship. 

All of the onboard tactical, flight 
and navigational systems are simu¬ 
lated, in both normal and possible 
malfunction modes. Simulation in¬ 
cludes electronic countermeasures, 
surface-to-air missile threats, and air¬ 
craft and weapons sounds. 

The heart of the aircraft’s capabil¬ 
ity, the AN/AWG-9 Phoenix Weapons 
System, is fully simulated in all 
modes of operation. 

Each trainer incorporates the Digi¬ 
tal Radar Landmass Simulator, a ma¬ 
jor state-of-the-art advancement 
which generates realistic radar dis¬ 
plays. 




Each also is equipped with a G- 
seat, which duplicates body pres¬ 
sures felt during sustained accelera¬ 
tions. 
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F-16 Trainer Flight 
Simulators 

Link is manufacturing F-16 Trainer 
Flight Simulators in co-production 
with companies in Norway and Den¬ 
mark. 

The simulators are being installed 
in the United States, Belgium, Den¬ 
mark, the Netherlands and Norway, 
the countries which are jointly pro¬ 
ducing the single-engine lightweight 
advanced technology fighter. 

These five nations plan to procure 
at least 1,700 F-16 aircraft. Link has 
options for a number of additional 
simulators, including some for other 
countries acquiring the fighter. 

Each training system consists of 
an F-16 cockpit mockup, instructor 
station, digital computer and inter¬ 
face equipment. Each includes G- 
seat/G-suit motion cue simulation 
and full simulation of the highly com¬ 
plex on-board avionics systems of 
the aircraft. 

The simulators are being supple¬ 
mented with automated training, 
electronic warfare simulation and 
digital radar ground-mapping sys¬ 
tems. Some are integrated with a 
Link* Night Visual System. 

General Dynamics, the fighter’s 
prime contractor, supplied aircraft 
parts for the simulators and data re¬ 
quired for designing such systems as 
radar, flight control and stores man¬ 
agement. In addition, General Dy¬ 
namics’ subcontractors furnished the 
actual aircraft fire control compu¬ 
ters, radar/electro-optical display 
equipment, head-up display units 
and fire control navigation panels. 

Link’s design was adaptable to 
make provision for changes in flight 
performance data as development 
models were test-flown and to ac¬ 
commodate differences in (J.S. and 
NATO requirements. 











B-52 Weapons Systems 
Trainer 

One of Link’s most significant pro¬ 
grams is building B-52 Weapons 
Systems Trainer for the U.S. Air 
Force. 

Link was awarded the largest con¬ 
tract in its history for two of these in¬ 
structional complexes, with options 
for 14 more. 

The contract followed an extensive 
evaluation of two prototype units 


developed concurrently by Link and 
another company. It was the first "fly- 
off’ competition to determine the 
builder of simulator production 
units. 

Each simulator has three separate 
training stations: flight deck with a 
six-degree-of-freedom motion sys¬ 
tem, offensive station with limited 
motion and defensive station without 
motion. 

The simulator is designed to train 
the aircraft’s six-man crews for the 
entire mission profile, under highly 


realistic conditions which include 
hostile environments. 

For the first time a simulator pro¬ 
vides completely integrated repre¬ 
sentations of not only out-the-win- 
dow scenes but also radar landmass, 
low light level TV and forward look¬ 
ing infrared. All imagery, whether 
generated by electronic, electro-opti¬ 
cal or direct visual means, is corre¬ 
lated so that the crew not only per¬ 
ceives the proper depictions on its 
sensor displays but also out the win¬ 
dow. Correct correlation and per- 
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spective are maintained throughout 
the entire takeoff and landing and 
low level terrain following modes of 
operation. 

The pilot’s view outside the cock¬ 
pit is computer-generated imagery 
displaying scenes for daytime and 
nighttime flying and aerial refueling 
with a KC-135 tanker. 

Radar operators also have a realis¬ 
tic display generated by digital radar 
landmass simulation in which the 
scene of the ground changes to 
match the aircraft’s flight path. 

The defensive station simulates 
friendly and hostile environments 
with extremely high fidelity for the 
Electronic Warfare Officer (EWO) 
and the gunner. The EWO learns to 
recognize electronic “threat” signals 
and how to counter them effectively 
with modern jamming techniques. If 
jamming is successful, the “threat” 
goes off the air; if unsuccessful, dam¬ 
age done to the aircraft is simulated. 















J-37 Weapon System Trainers 

J-37 trainers are used by the Swe¬ 
dish Air Force to instruct pilots in 
procedures and techniques of flying 
the SAAB Viggen, a multi-mission 
combat aircraft. 

Link has provided two kinds of 
trainers: the JA-37 for Viggens which 
have a high altitude interception ca¬ 
pability and the AJ-37 for those 
which are primarily ground-attack 
aircraft. 

Instruction includes use of all con¬ 
trols and instruments during ground 
operation, takeoff, landing, normal 
flight, various tactical maneuvers, 
navigation problems, tactical prob¬ 
lems in weapons delivery and elec¬ 
tronic countermeasure procedures, 
instrument approach procedures and 
emergency conditions. 

CRT display units and keyboards 
enable instructors to communicate 
with the computation system as well 
as depict and monitor cross-country, 
approach/landing, takeoff and tacti¬ 
cal procedures and situations. 


The AJ-37 trainers are equipped 
with analog radar landmass systems 
and basic visual systems. The latter 
provide black and white video 
display, 50° field of view virtual im¬ 
age, symbolic horizon, synthetic ter¬ 
rain and a symbolically-generated 
target that varies in size with range. 








It has provided C-130 simulators 
for the United States, both Air Force 
and Marine Corps, and a number of 
other countries. 
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A major USAF procurement called 
for a complete C-130E Weapon Sys¬ 
tem Trainer and two cockpit proce¬ 
dures trainers, with an option for 
nine additional units. The simulators 
are for training pilots, navigators and 
flight engineers on four types of 
C-130s: C-130E, C-130E A WADS 
(Adverse Weather Aerial Delivery 
System), C-130H and the HC-130P 
equipped with the Fulton recovery 
system. 

The prototype utilized the newly- 
developed Advanced Simulation 
Technology which provides more ef¬ 
ficient electronic and mechanical 
packaging, improving performance, 


reliability, maintainability and lifecy¬ 
cle costs. 

The simulator cockpit, mounted 
on a six-degree-of-freedom motion 
system, accommodates four crew 
members and three instructors. A 
complete navigator’s station features 
the Digital Radar Landmass Simula¬ 
tor, which produces imagery that is 
more realistic and more readily re¬ 
programmed than that of older ana¬ 
log-generated devices. 

There also is a separate satellite 
navigator s station, with its own in¬ 


structor, which provides independent 
training. 

The cockpit procedures trainers 
are used for training pilots, copilots 
and flight engineers in cockpit and 
instrument familiarization. They also 
enable ground maintenance person¬ 
nel to practice pre-flight mechanical 
checks. ^ 












Earlier, Link designed and pro¬ 
duced a number of C-130H simula¬ 
tors capable of providing virtually 
any level of training for flight crew 
personnel. They can be utilized for 
basic flight compartment familiariza¬ 
tion, preflight check lists, basic in¬ 
strument flight procedures, naviga¬ 
tion and communications procedures 
and emergency measures. 

These simulators incorporate a 
number of design innovations which 
involve use of modern, commer- 
cially-available components and sub¬ 
systems to improve cost-effec¬ 
tiveness and reduce hardware com¬ 
plexity. C-130H simulators have a 
number of advanced training fea¬ 
tures that include demonstration 
maneuvers, pre-programmed mis¬ 
sions, check-rides and trainee perfor¬ 
mance evaluation programs. 

Link furnished the tl.S. Marine 
Corps with a KC-130F operational 
flight trainer. Its flight compartment 
is similar to the layout of the C-130H, 
with the addition of an advanced in¬ 
structor/operator station. 

Advanced training techniques 
make the instructor’s job more pro¬ 
ductive by providing him with pre¬ 



cise, largely automated control of the 
training problem. Trainee perfor¬ 
mance data are displayed in real time 
in an easily understood format. This 
feature enables Marine instructors to 
provide training which is standard¬ 
ized and yet adaptable to the individ¬ 
ual trainee’s needs and accomplish¬ 
ments. 



Tornado (MRCA) Simulator 

Link-Miles was awarded a contract 
for the tactics portion of the Tornado 
simulation program. 

The Tornado, formerly known as 
the MRCA (Multi-Role Combat Air¬ 
craft), is a long-range low-level ter¬ 
rain-following strike aircraft. The 
program is for the British air force. 

Link-Miles simulation includes ra¬ 
dar systems, weapons delivery, avi¬ 
onics, navigation, electronic counter¬ 
measures, and armament and stores 
management. The radar simulation 
utilizes the Digital Radar Landmass 
system developed by Link. 

Hawk Flight Simulator 

Link-Miles was asked by the Fin¬ 
nish Air Force to provide a flight sim¬ 
ulator representative of the British 
Aerospace Hawk Mk. 51. 

It’s a highly-effective yet low-cost 
training complex, employing latest 
state-of-the-art electronics including 
microprocessors. 

A reproduction of the jet combat/ 
trainer aircraft’s cockpit is mounted 
on a three-degree-of-freedom motion 
system. The cockpit is outfitted with 
a Visulink* Dusk Occulting Night 
Visual System. 

An off-board instructor’s station 
duplicates the cockpit layout, per¬ 
mitting instructors to monitor stu¬ 
dent activities and reactions to emer¬ 
gency situations. 

Jastreb Flight Simulators 

Link designed and built a dozen 
flight simulators,for the Yugoslavian 
Air Force. The simulators are used 
for training pilots of Jastreb, a single¬ 
engine trainer aircraft. 

The Jastreb simulators utilize solid 
state computers and two-degree-of- 
freedom motion systems. They en¬ 
able students not only to master 
flight procedures but also to cope 
with yarious malfunctions. 









Multiple-Cockpit Operational 
Flight Trainers 


Each T-2C Operational Flight 
Trainer usually includes two or more 
units, each simulating the forward 
cockpit of the dual-place T-2C air¬ 
craft. 

These trainers are used by interna¬ 
tional customers and the U.S. Navy. 
The latter ordered seven of these sys¬ 
tems—28 cockpits—to train pilots 
for both carrier-based and land-based 
missions. Simulation includes start¬ 
ing, ground handling, takeoff, climb 
out, cruise, flight and navigation mis¬ 
sions, approach, landing, taxiing and 
shutdown. 

Each of the simulated T-2C cock¬ 
pits is mounted on a six-degree- 
of-freedom motion system. Each is 
connected to an instructor station 
equipped with three cathode-ray 
tubes on which trainees’ perfor¬ 
mance is monitored. 

A variety of operating modes 
are provided. Instructors can moni¬ 
tor standard procedures, fly pro¬ 
grammed missions, run demonstra¬ 
tion maneuvers or record and play 
back trainee performance. They can 
also introduce malfunctions, set up 
new initial conditions, record out- 
of-tolerance conditions, plan new 
maneuvers and procedures and run 
daily readiness checks. 



The instructor stations utilize a 
modern approach based on design 
concepts developed by Link’s Human 
Factors Engineering Department. 
The display formats and operating 
procedures are designed to assure 
that instructors’ workloads are re¬ 
duced to a minimum. Another im¬ 
portant feature is that this approach 
does not require use of aircraft in¬ 



struments—a significant cost and lo¬ 
gistics reduction. 

In addition to normal operating 
characteristics, computer programs 
provide realistic simulation of nu¬ 
merous system malfunctions, rang¬ 
ing from failures of hydraulic, fuel, 
oil, oxygen, electrical, braking and 
landing gear systems to engine 
flameouts, hung and hot starts, fires 
and crashes. 

The computer also contains an en¬ 
vironmental model simulating tem¬ 
perature, wind and other atmos¬ 
pheric effects. 

The T-2C design can be readily 
adapted to meet requirements of 
other customers. Since each cockpit- 
instructor station is an independent 
unit, with its own computer, similar 
systems can be provided in whatever 
aircraft configuration is required. 





■ 




Undergraduate Pilot Training 

Link was selected by the U.S. Air 
Force to provide T-37 and T-38 simu¬ 
lator complexes for training under¬ 
graduate pilots in instrument flying. 

The Undergraduate Pilot Training 
—Instrument Flight Simulators 
(UPT-1FS) eventually may be used at 
seven Air Force bases. 

Each UPT-1FS complex includes 
four cockpits mounted on six-degree- 
of-freedom motion systems, a com¬ 
puter complex and an instructor sta¬ 
tion. Each cockpit is integrated with 
a visual system procured under a 
separate contract. 

The UPT-IFS’s allow pilots to prac¬ 
tice instrument flight in various sim¬ 
ulated weather conditions, from clear 
to zero-zero, day or night. The realis¬ 


tic training environment includes air 
traffic control and runways, with vari¬ 
able lighting, ceiling and visibility 
conditions. 

Simulator training replaces a ma¬ 
jor portion of instrument training 
hours flown in T-37 and T-38 aircraft 
used by the Air Training Command. 

The simulators can be used to 
demonstrate instrument maneuvers, 
with automatic aural briefings and 
reset capability to allow trainees to 
repeat maneuvers in which they re¬ 
quire additional training. Students 
can review new portions of maneu¬ 
vers just completed by replaying the 
previous five minutes of their perfor¬ 
mance. Instructors can ride in the 
two-seat cockpits, as they do in the 
training aircraft. 


Each simulator complex is linked 
with two three-dimensional terrain 
models with color TV cameras. The 
model boards show airport runways, 
taxiways, approach lighting and sur¬ 
rounding terrain including cities and 
highways. 

Supporting each cockpit are hy¬ 
draulic cylinders to simulate the clas¬ 
sical modes of aircraft motion: roll, 
pitch, yaw, vertical, lateral and longi¬ 
tudinal movement. 

Link worked with the Air Force on 
the design of buildings to house the 
simulator complexes. 


The UPT-IFS enables trainees to 
learn to cope with emergency condi¬ 
tions which would be impractical or 
unsafe in normal operation. These in¬ 
clude engine failures, fires, fuel star¬ 
vation, blown tires and electrical sys¬ 
tem malfunctioning. 







Synthetic Flight Training 
System 

The Synthetic Flight Training Sys¬ 
tem (SFTS) was designed and built 
by Link for G.S. Army helicopter 
training. 

SFTS is the result of Link research 
and development work in training 
methods, computer technology and 
simulation techniques. This was un¬ 
dertaken as new complex helicopters 
were being designed, increasing the 
need for improved training at re¬ 
duced costs. 

The pioneering program was acti¬ 
vated in 1971 when Link delivered 
the first of the SFTS series—a four- 
cockpit system for training GH-1H 
(Huey) pilots. This quickly won ac¬ 
claim for its ability to upgrade train¬ 
ing while reducing costs by several 
million dollars a year. Subsequently 
the Army ordered 21 similar sys¬ 
tems. 

Later the Army contracted with 
Link for another major component of 
the SFTS program. It ordered a simu¬ 
lator for training pilots of the CH-47C 
(Chinook) medium transport helicop¬ 
ter. 

Other major milestones in the 
SFTS program were attained when 
Link was awarded contracts for AH- 
1Q (Cobra) and QH-60A (Black Hawk) 
helicopter trainers. 


(IH-1H Helicopter Trainer 

Each unit of the CJH-1H (Huey) 
helicopter flight training system in¬ 
cludes four cockpit trainee stations 
mounted on five-degree-of-freedom 
motion systems, an instructor station 
and a high speed digital computer 
complex. Two-cockpit configura¬ 
tions also are available. 

The computer “flies” the simulator 
realistically, responding to trainees’ 
maneuvers and demonstrating ideal 
performance. It also evaluates each 
pilot, adjusting the degree of diffi¬ 
culty to match each one’s progress. 
The system thus permits each trainee 
to learn at his own pace. 

This automated training concept 
as an instructor aid is achieved by 
programming the digital computers 


with many of the routine repetitive 
operations traditionally assigned to 
instructors. The computers also im¬ 
plement such automatic training 
techniques* as adaptive training, 
demonstration and programmed in¬ 
struction. The resulting automatic 
training makes more efficient use of 
instructor skills, standardizes train¬ 
ing programs and provides objective 
evaluation of trainee performance. 

The computer programs include 
approximately 100 simulated mal¬ 
functions covering all simulated air¬ 
craft systems and flight conditions, 
available to instructors for use at 
their discretion. In addition, pre¬ 
selected malfunctions are automati¬ 
cally inserted during the checkride 
mode of operation. 

Each instructor station provides an 
orderly and functional presentation 
of information and control with 
which two instructors can effectively 
monitor and evaluate four students’ 
performance and control training 
problems. The control panels are 
color coded—a different color for 
each cockpit—to facilitate identifica¬ 
tion of a particular cockpit’s controls. 


The simulation technique used to 
define rotor characteristics in flight 
dynamics is the Directed Vector Ap¬ 
proach, patented by Link. 

In addition to simulating flight dy¬ 
namics, the (JH-1H trainer simulates 
a single Lycoming engine and its 
related systems. The aircraft’s acces¬ 
sory systems are simulated to the ex¬ 
tent necessary to provide trainees 
with all control and indication capa¬ 
bilities for systems management. 

The radio communication and 
navigation equipment simulated in¬ 
cludes GHF, VHF and FM communi¬ 
cation and LF/ADF and VOR naviga¬ 
tion systems. A total of 95 simulated 
ground radio communication/navi¬ 
gation facilities, within a gaming 
area of 256 square nautical miles, are 
provided to operate in conjunction 
with the simulated aircraft equip¬ 
ment. 

Simulation of the earth’s atmos¬ 
phere includes barometric pressure 
variation, non-standard temperature, 
wind velocity and direction, and icing 
conditions. In addition, the math 
model admits to variations of rough 
air, turbulence and vibrations. 











CH-47C Helicopter Trainer 

The CH-47C (Chinook) is a single¬ 
cockpit installation simulating a tan¬ 
dem rotor helicopter. Even more ad¬ 
vanced in some respects than the 
CJH-1H, it is the first helicopter train¬ 
ing device with a high-resolution 
color visual system. 

The system employs the first high 
resolution (1200 line) color closed- 
circuit television with three-dimen¬ 
sional terrain model, depicting the 
countryside and typical landing and 
drop zone areas. The model is viewed 
by a roving TV camera which moves 
in complete freedom in accordance 
with maneuvers of the simulator 
cockpit. For example, if the pilot 
starts to land, the camera glides 
closer to the terrain. The visual probe 
is an advanced model, providing im¬ 
proved depth of focus at any altitude. 

The TV camera relays images to a 
high resolution cathode ray tube in 
the cockpit window. This display also 
is visible to the instructor, in the 
cockpit behind the pilot-trainee. 

The terrain model is lighted to rep¬ 
resent varying day and night condi¬ 
tions. Further realism is achieved by 


electronically introducing visual ef¬ 
fects such as clouds, haze and fog. 

Current production models incor¬ 
porate two visual systems for a four- 
window front and side panorama 
view, providing an even more realis¬ 
tic training environment. Complete 
nap-of-the-earth flight is possible 
over the entire terrain model board. 

This simulator’s motion system 
provides all six degrees of freedom: 
lateral, longitudinal, yaw, pitch, roll 
and vertical. These movements pro¬ 
vide trainees with acceleration cues 
experienced in normal and emer¬ 
gency flight maneuvers, affording 
maximum simulation fidelity for a 
heavy aircraft such as the CH-47. 

The Chinook furnishes transition 
training, in both instrument and con¬ 
tact environments. Training includes 
ground taxi, takeoff, hover, powered 
flight, terrain flight standard autoro¬ 
tation and landing. 

Also simulated with high fidelity 
are missed approaches and go- 
around, circling and 180° overhead 
approach, confined area landing and 
pinnacle and sling load operations. 
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AH-1Q Helicopter Weapons 
Trainer 

Another major milestone in heli¬ 
copter simulation was attained when 
Link was awarded a contract for an 
AH-1Q (Cobra) helicopter weapons 
trainer for the G.S. Army. 

This is a fully human-engineered 
training system tailored specifically 
to the task of providing complete 
crew training for both pilots and gun¬ 
ners. Training includes AH-IQ proce¬ 
dures, aircraft control, instrument 
procedures, engine control, emer¬ 
gency procedures, weapons delivery 
and radio navigation problems. 

The AH-1Q attack helicopter is a 
two-place, single-rotor gunship capa¬ 
ble of carrying a variety of weapons. 
The improved armament system in¬ 
cludes helmet sights for both the 
pilot and gunner, a telescopic sight 
unit (TSC1) for the gunner, and TOW 
missiles. Crew members share in the 
operational tasks, with the gunner 
acting as copilot and the pilot also 
firing weapons. 

The trainer consists of two cock¬ 
pits—one duplicates the pilot’s air¬ 
craft station, the other the gunner’s 
station—a computer complex and in¬ 
terface equipment, and a visual dis¬ 
play system. The two trainer cockpits 
are operable in the integrated mode 
(single mission) or in the independ¬ 
ent mode (two separate missions). 
Each trainee station is mounted on a 
six-degree-of-freedom motion sys¬ 
tem and has an instructor station lo¬ 
cated on the motion platform adja¬ 
cent to it. 

The pilot station is provided with 
forward- and side-window visual dis¬ 
plays. The gunner station is equipped 
with a forward-window display and a 
telescopic sight unit which displays 
symbolic imagery. Weapon effects 
video, including display of tracers 
and weapon impacts, are generated 
and mixed with the camera-model 
video. The telescopic sight unit sym¬ 
bology provides the gunner with a 
visual scene including targets, wea¬ 
pon effects and the horizon, all cor¬ 
related with the visual displays. 

AH-1Q weapon system simulation 
includes the M28 turret system 
(7.62mm machine gun and the 
40mm grenade launcher), Folding 
Fin Aerial Rocket (FFAR) launchers, 


M18 wing-mounted machine gun, 
M35 20mm cannon and the TOW 
missiles. 

Plans for production units call 
for the AH-IS (Modernized Cobra) 
configuration. These units will incor¬ 
porate all the advanced system tech¬ 
nology of Link’s performance, navi¬ 
gation and weapons delivery system 
simulation, including Doppler navi¬ 
gation system, fire control computer, 
rocket management system, laser 
range finder and heads-up display. 

Aural cues associated with aircraft 
flight and ground operation are syn¬ 
thesized under computer control by a 
newly developed Poly-Voice* sound 
simulation system. The sounds to be 
simulated were tape-recorded under 
actual operating conditions, spec- 
tographically analyzed, math-mod¬ 
eled, and programmed into the 
PDP-11 computer. As the simulator 
is flown, the appropriate sounds are 
generated in real time, providing an 
exact duplication of the actual AH- 
1Q aircraft. 


To augment the high-fidelity simu¬ 
lation of the AH-1Q aircraft, the train¬ 
ing complex incorporates a number 
of advanced training features and 
techniques already proven on the 
GH-1H and T-2C programs. These 
features and techniques make the in¬ 
structor’s job more productive by 
providing him with precise, largely 
automated control of the training 
problem, and real-time display of 
trainee performance data in an easily 
understood form. They furnish the 
student with training that is stand¬ 
ardized, yet adaptable to his own 
needs and accomplishments. The au¬ 
tomated training features include: 

—Demonstration — Checkrides 

—Exercises —Automatic Briefings 

—Performance Record/Playback 









♦ 4 . , 4 















(IH-60A Helicopter Trainer 

The (JH-60A (Black Hawk) helicop¬ 
ter trainer is designed for terrain 
flight and cross-country navigation 
as well as takeoffs and landings. 

It includes two cockpits, one 
equipped with a three-window im¬ 
proved high resolution camera mod¬ 
el visual system and the other with a 
four-window three-channel compu¬ 
ter-generated visual system. 

The visual systems are the key to 
successful Black Hawk simulation 
since they provide realistic training 
in nap-of-the-earth and VFR, as well 
as IFR, missions. 

A Visulink* High Resolution/Cam¬ 
era Model visual system on one cock¬ 
pit furnishes visual cues and accurate 
radar altimeter readings over the en¬ 
tire gaming area. Two identical mod- 
elboards and gantry/probe systems 
are utilized. 

A laser height-sensing device is 
mounted on the probes, protecting 
them during low altitude flights and 
assuring accurate radar altimeter 
readings. 


The other cockpit has a Visulink* 
Full-Scan Digital Image Generator 
which provides both day and night 
scenes over a gaming area encom¬ 
passing 40 by 40 nautical miles. 

The area includes a highly detailed 
section in which the scene content is 
designed for nap-of-the-earth flights. 
Each section includes trees and nu¬ 
merous other features, such as hills, 
buildings and fields, which enhance 
training realism. 

Also provided are images of a lead 
helicopter so pilots can practice for¬ 
mation flying. Five moving tanks can 
also be shown. 

Night scenes include a landing 
light and anti-collision, position and 
formation lights. Lights can be com¬ 
bined with day scenes to represent 
dusk. 

Missiles, including exhaust flame 
and smoke trail, and ordnance bursts 
also are simulated. 

The Black Hawk simulator’s real¬ 
time software is an upward adapta¬ 
tion of that utilized on the forerunner 
CH-47 and AH-1 simulators; nearly 


two-thirds was directly derived from 
their math models. 

The simulator utilizes the ad¬ 
vanced-technology 60-inch stroke 
six-degree-of-freedom motion sys¬ 
tems—the most advanced and main¬ 
tenance-free available. They include 
design features and concepts that fa¬ 
cilitate correlation between motion 
cues and visual cues. 

All instructor and automatic train¬ 
ing aid features represent a contin¬ 
ued development of similar features 
found in earlier SFTS simulators. 











Sea King Helicopter Trainer 

Another Link* helicopter trainer is 
the Sea King, for training antisub¬ 
marine warfare (ASW) crews. These 
trainers are used by the British, 
Australian and Indian navies and the 
Egyptian Air Force. 

The Sea King simulator comprises 
two parts: a reproduction of the flight 
compartment mounted on a three- 
axis motion system, and a static crew 
station, each under the control of its 
own instructor station. Thus pilots 
and flight crews can either conduct 
independent training exercises or 
carry out fully integrated training 
missions. 

Full ASW missions are simulated 
in the Sea King, including operation 
of navigational doppler, search ra¬ 
dar, transponder interrogation, ra¬ 
dar, submersible sonar transducer 
and weapon release system. 


The instructor station is equipped 
with facilities for generating target 
information and for setting a wide va¬ 
riety of environmental conditions. A 
twin CRT monitoring system is also 
provided to display a constantly up¬ 
dated picture of the tactical area— 
aircraft, surface vessels, submarines, 
and details of wind, visibility and sea 
state. 















Harrier VTOL Simulator 

Three Harrier Vertical Takeoff and 
Landing (VTOL) simulators were de¬ 
veloped and manufactured by Link- 
Miles for the British Ministry of Avia¬ 
tion Supply. 

The Harrier simulator enables a 
pilot to carry out a full training mis¬ 
sion, including vertical and conven¬ 
tional takeoff and landing, high and 
low altitude flight, map reading at 
low flight levels, and weapon attacks 
against specific targets. All cockpit 
systems are faithfully reproduced, in¬ 
cluding the head-down moving map 
display and head-up instrument dis¬ 
play. The latter is integrated with the 
weapon aiming and release system. 



The (J.S. Marine Corps also has ac¬ 
quired a Harrier simulator. The Ma¬ 
rine device is used to train pilots of 
the AV-8A—the Marine version of 
the Harrier aircraft. 

Recently Link-Miles has been build¬ 
ing Sea Harrier simulators to train 
pilots to operate from carriers and 
other naval vessels. 

Jaguar Simulators 

Five Jaguar simulators were or¬ 
dered from Link-Miles by the Royal 
Air Force. 

Four have full mission capability, 
utilizing a colored CCTV visual sys¬ 
tem with three separate terrain mod¬ 
els of differing scales. These enable 
pilots to be trained in takeoff, land¬ 
ing, medium and low-level flying, re¬ 
connaissance and weapons delivery. 
The model complex is scanned by 
two cameras, which are rapidly inter- 
switched to coincide with the simula¬ 
tor s maneuvers. 

These simulators employ three- 
axis motion systems and Link* 
GP4B computers, the latter being es¬ 
pecially designed to meet the high 
speed requirements of real time sim¬ 
ulation. 

The fifth Jaguar simulator, a par¬ 
tial-mission version, is housed in 
transportable buildings to simplify 
installation and permit economic re¬ 
location. 














Anti-Submarine Warfare 
Trainers 

Simulation of anti-submarine war¬ 
fare (ASW) aircraft involves ocean as 
well as atmospheric environment. 

Ocean environment is especially 
important as it relates to underwater 
sounds and sensors such as sonar 
and D1FAR. Link, the recognized au¬ 
thority in development of ASW train¬ 
ers, captures the characteristics of 
the sea on mathematical models 
within digital computer systems. 
These models are determined by an¬ 
alyzing marine acoustic phenomena, 
such as those which cause sound 
paths to bend, and by calculating 
sound intensities and travel tftnes. 

Link has designed and built more 
than a score of ASW trainer configu¬ 
rations, including ones for the CI.S. 
Navy’s P-3C and S-3A aircraft. 



P-3C ASW Trainers 

The P-3C is a land-based four- 
engine turboprop aircraft containing 
complex computerized devices for 
seeking out and destroying enemy 
submarines. 

Link first was asked to provide 
P-3C ASW tactics trainers, P-3C 
ASW acoustic sensor operator train¬ 
ers and P-3C ASW radar/MAD (Mag¬ 
netic Anomaly Detector) operator 
trainers. Later Link furnished P-3C 
operational flight trainers, including 
visual systems, to be integrated with 
the tactics trainers. 

Link rounded out the complement 
of P-3C training devices by supply¬ 
ing two cockpit procedures trainers. 
These devices are significantly more 
complex than conventional CPT’s 
since their design is a direct flow 
down from the previously-provided 
flight trainers. 

The stations and functions of the 
eight-man crew are realistically du¬ 
plicated, enabling the Navy to train 
personnel both as teams and individ¬ 
uals. 

The principal elements of the op¬ 
erational flight trainer are: 

• Flight Station—An exact repli¬ 
ca of the pilot, copilot and flight 
engineer stations in the P-3C 
cockpit. 


• Instructor Station—Two inter¬ 
active CRT’s with keyboard and 
controls, in cockpit. 

• Motion System—Six degree-of- 
freedom. 

• Computer Complex—Two PDP- 
11/55 central processing units. 

The tactics area includes: 

• Tactical Coordinator (TACCO) 
station. 

• Navigator Communication 
(COMM/NAV) station. 

• Sensor Operator (SS-1 and SS-2) 
station—acoustic target sensors 
using simulated active and pas¬ 
sive sonobuoys and D1FAR 
equipment. 

• Sensor Operator (SS-3) station 
—non-acoustic target sensors 
using simulated long range ra¬ 
dar, MAD detection equipment 
and ESM equipment. 

The tactics trainer can operate in¬ 
dependently to train the tactical crew 
alone or in an integrated mode with 
the operational flight trainer in a 
single coordinated mission. The tac¬ 
tics portion of the P-3C has its own 
computer complex (two Honeywell 
516 computers and one PDP-11/55 
computer) and a separate instructor/ 
operator console. 











Tactics Trainer 
(2F87B) 

This Weapon System Trainer pro¬ 
vides realistic training for the Tacti¬ 
cal Coordinator, Acoustic Sensor 
Operators, Non-Acoustic Operator 
and Communication Navigation Op¬ 
erator as a tactical integrated ASW 
system. 

Each tactics trainer is designed to 
be integrated with an operational 
flight trainer to provide complete 
P-3C mission/crew training. The 
trainer also can be used indepen¬ 
dently, with pilot and copilot inputs 
provided by the tactics operator, tac¬ 
tics instructor or by a pilot trainee at 
an aircraft control console. 

The Q.S. Navy subsequently asked 
Link to update all such tactics train¬ 
ers to conform with the latest 
changes in P-3C aircraft configura¬ 
tion. 



P-3C Radar/MAD/ESM 
Operator Trainer 
(14B40) 

Link designed a part task trainer to 
provide concentrated training in the 
operational and tactical application 
of the Radar/MAD/ESM equipment 
for Sensor Station 3 of the P-3C Wea¬ 
pon System. It has three trainee and 
one instructor/operator positions. 

The trainer provides a search radar 
system which simulates the actual 
equipment aboard the P-3C, in¬ 
cluding activation and operation of 
controls and video presentations of 
surface vessels (including snorkling 
and surfaced submarines), landmass 
shapes and atmospheric phenomena. 

The MAD simulation enables profi¬ 
ciency training in pre-flighting as¬ 
sociated components of this detec¬ 
tion device and adjusting the sensi¬ 
tive compensator and recorder used 
to identify and localize magnetic 
disturbances caused by elusive sub¬ 
marine tactics. Realistic MAD sig¬ 
natures for display on the MAD 
recorder are generated in the simula¬ 
tion computer utilizing models of the 
real world parameters such as target 
depth, target heading versus aircraft 
heading and range of the day func¬ 
tions. 

The ESM simulation provides 
training for target radar detection 
and classification, and includes the 
P-3C onboard computer program for 
the non-acoustic sensors. 


P-3C DIFAR Operator Trainer 
(14B44A and 14B44B) 

A part task trainer developed by 
Link provides Acoustic Sensor Sta¬ 
tion operators with practical experi¬ 
ence in operating Sensor Stations 1 
and 2 of the P-3C Weapon System. 

The six trainee stations of the 
14B44A are housed in three dual¬ 
position modules that are exact 
replicas of the two sensor stations on 
the aircraft while the 14B44B has two 
trainee stations housed in a single 
dual-position module. 

The trainer realistically simulates 
ocean and targets, using a Digital 
Acoustic Signal Generator (DASG) 
and a PDP-11/55 computer, as well 
as equipment malfunctions and 
stores failures. It provides both basic 
and advanced training in DIFAR, 
CASS and DICASS/Triple Vernier for 
Acoustic Sensor Station 1 and 2 op¬ 
erators. 



S-3A Mission Simulator 

The S-3A Weapon System is a car¬ 
rier-based twin-engine jet aircraft 
with computerized gear for locating 
and destroying enemy submarines. 

It has a four-man crew: pilot, co¬ 
pilot, tactical coordinator (TACCO) 
and sensor operator (SENSO). 

All crew stations and functions are 
represented in the simulator, which 
has four basic modes of operation: 

• Flight Mode-Only the pilot 
and copilot stations are 
manned. The flight operator es¬ 
tablishes the aircraft configura¬ 
tion setup via controls and a 


data display terminal, and the 
flight instructor monitors crew 
performance and introduces 
malfunctions as deemed appro¬ 
priate. 

• Tactics Mode—The TACCO, 
SENSO, pseudo pilot and pseu¬ 
do copilot stations are manned 
and operational. Inputs normal¬ 
ly provided by the pilot are fur¬ 
nished by the pseudo pilot, and 
the tactics instructor performs 
either “over the shoulder" mon¬ 
itoring for individual trainees or 
he can monitor the team perfor¬ 
mance utilizing the CRT plotter 
and PCM display. 



S-3A Position Trainer 

Link also developed an S-3A posi¬ 
tion trainer for tactical crews of the 
S-3A Weapon System. The complex 
consists of three tactics trainee mod¬ 
ules, each consisting of a TACCO, 
SENSO and pseudo copilot position. 

The TACCO and SENSO are exact 
replicas of the aircraft stations; the 
pseudo copilot is a limited configura¬ 
tion relating solely to the tactical re¬ 
sponsibilities of the copilot. The 
three modules can be operated as in¬ 
dividual tactics team trainers or as a 
total position trainer where the three 
TACCO’s, three SENSO’s and three 
copilots train on their own problem 
and have no interaction with the 
others. 


• Simultaneous / Independent 
Mode—The simulator is capa¬ 
ble of simultaneous but inde¬ 
pendent operation in both flight 
and tactics modes without re¬ 
striction to training effective¬ 
ness. This capability is facili¬ 
tated by a programming design 
technique that enables the sim¬ 
ulator computer to simulate 
systems that are shared be¬ 
tween the flight and tactics 
functions. 

• Integrated Mode—All four crew 
stations are manned and opera¬ 
tional, and all functions are per¬ 
formed normally in a single co¬ 
ordinated mission. 





















Fighting Vehicle Simulators 

Link-Miles pioneered development of 
armored fighting vehicle simulators, 
from early analog models of the 
mid-1960’s to the highly sophisticated 
digital complexes available today. 

These simulators provide a number 
of advantages in training drivers of 
tanks and armored personnel carriers. 
Training can be conducted on widely 
varying types of terrain, which might 
not be readily available for actual 
vehicles, at all hours of day and night, 
regardless of weather. Emergency 
procedures can be practiced safely. 

Cost savings are appreciable. 

Tracked vehicle simulators are being 
supplied for use not only in the United 
Kingdom but also in Europe, Asia and 
the Middle East. 
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Fighting Vehicle Simulators 

Link-Miles Fighting Vehicle Simu¬ 
lators provide wide training capa¬ 
bility, including initial instruction, 
conversion and continuation practice 
over many types of terrain, ranging 
from cities to deserts. 

With color visual systems that 
heighten realism, the simulators can 
reproduce the performance of any 
kind of wheeled or tracked fighting 
vehicle. 

Changes in performance can easily 
be reprogrammed. All types of mal¬ 
functions can be duplicated in com¬ 
plete safety. Training can be con¬ 
ducted in varying kinds of weather 
and light conditions, at considerably 
less cost than in actual vehicles. 


assembly is on a gantry which carries 
a closed circuit television camera 
which scans the terrain model, pro¬ 
viding visual cues. 

A collimated display unit, 
mounted on the compartment hull, 
uses a curved mirror and beamsplit¬ 
ter to process visual signals into in¬ 
finity images, requiring drivers to 
focus their eyes some 40 feet ahead, 
just as they would in actual vehicles. 

Each instructor’s console contains 
all the switches, controls and instru¬ 
ment readouts necessary to monitor 
the entire exercise, plus a complete 
set of driving controls. The driver’s 
view is duplicated and a translucent 
map with a point light source shows 
the vehicle’s position on the terrain 
model at all times. 



The driving compartment of each 
simulator is a faithful reproduction of 
the actual vehicle. All equipment, 
controls and instruments operate in 
the proper manner. Drivers can be 
trained in either head-down or head- 
up modes. 

The compartment is mounted on a 
three-axis motion system specifically 
designed for tracked vehicle simula¬ 
tion. It provides realistic cues for 
pitch, roll and yaw characteristic of 
an actual vehicle. These cues are 
generated by a shoe assembly which 
traverses a terrain model surface, 
picking up ground unevenness, gra¬ 
dients, obstacles and other topo¬ 
graphical characteristics. The shoe 


Link-Miles developed the world’s 
first digital tank simulator, the Chief- 
tairi, and subsequently produced 
simulators for a number of other 
types of armored vehicles, including 
the Centurion, Leopard, Scorpion, 
combat engineer tractors and ar¬ 
mored personnel carriers. 

Link-Miles also has developed a 
Tank Gunnery Training Simulator, 
readily adaptable to any tank or fire 
control system. It includes a replica 
tank turret, with positions for com¬ 
mander, gunner and loader, and a 
terrain display system for projecting 
targets, tracers and shell bursts. Com¬ 
mander and gunner can range, aim, 
fire and see fall of shot. 
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conducted on simulators especially 
designed for that purpose. For 
example Link has built three 
experimental (IS. military training 
systems. One is being used to help 
design trainers for the Air Force’s 
Undergraduate Pilot Training Program; 
another is to develop new aircraft and 
flying techniques for air-to-air combat; 
the third is concerned with Navy 
aircraft carrier operations. 

Link’s expertise with research 
simulators goes beyond design and 
fabrication; for several years it has 
operated and maintained the Air 
Force’s Crew Station Simulation 
Facility. This is used to evaluate new 
controls and displays for various Air 
Force aircraft. 
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trol. In conventional computation 
systems, changes to programs are 
accomplished by “patch" routines 
which are eventually incorporated 
into the new “load" by extensive 
and laborious programming. But as 
patches are entered into ASPT simu¬ 
lation, the linking editor program 
automatically integrates them into 
the master program, allocates the 
necessary disc area and produces a 
“master load" copy of the updated 
software. 

Another noteworthy feature is that 
ASPT has three types of instructor 
stations, permitting experimentation 
and evaluation of different modes 
and techniques of instruction. They 
also provide flexibility in setting up 
experiments and in controlling, re¬ 
cording and interpreting trainee per¬ 
formance parameters. 

The motion system furnishes 
pitch, roll and yaw rotation, plus 
lateral, longitudinal and vertical 


translation effects. ASPT can simu¬ 
late high angles of attack and side¬ 
slip associated with post stalls and 
spins. Pilot-trainees not only feel the 
pull of gravity against their seats but 
also can sense the center of gravity 
shifting as their fuel supply suppos¬ 
edly runs low. They can even practice 
formation flying, being able to see 
the lead aircraft and actually feel its 
downwash generated by high-velo¬ 
city exhaust and the aerodynamic ef¬ 
fects experienced by wing or trailing 
aircraft in formation. 

Students hear all the sounds that 
can be experienced in the actual air¬ 
craft, including rain, hail and thun¬ 
der. 


Advanced Simulator for Pilot 
Training 


The United States Air Force is de¬ 
veloping new training techniques on 
a system called Advanced Simulator 
for Pilot Training (ASPT) which was 
designed and built by Link. 


This sophisticated research flight 
simulation system is being used by 
the Air Force Human Resources Lab¬ 
oratory at Williams Air Force Base in 
Phoenix, Ariz. The system includes 
twin cockpits, configured like those 
in the Air Force’s T-37B jet trainer, 
on six-degree-of-freedom motion sys¬ 
tems. Each cockpit has a seven-chan¬ 
nel wraparound computer-generated 
visual display providing a 300° hori¬ 
zontal, 110° vertical field of view. 


Motion and visual cues are rein¬ 
forced by G-seats which duplicate the 
“body feel" of pressure against flesh 
and muscle during sustained acceler¬ 
ations, such as pullouts from dives. 
ASPT is the first fully operational 
training device with this pioneering 
feature. 


Unlike previous flight simulators, 
which “fly" like a particular aircraft 
but are not intended to undergo ma¬ 
jor modifications, the ASPT has 
computer programs designed to han¬ 
dle a great variety of changes in air¬ 
craft performance which can be im¬ 
plemented through keyboard con¬ 














Simulator for Air-to-Air 
Combat 

The world s first truly realistic air- 
to-air combat simulator was de¬ 
signed and built by Link for the U.S. 
Air Force. 

It is being used as a research tool 
not only for development of combat 
techniques but also for evaluation of 
fighter aircraft and tactical weapons 
design. 

The Simulator for Air-to-Air Com¬ 
bat (SAAC) includes two F-4 cock¬ 
pits, mounted on synergistic six- 
degree-of-freedom motion systems. 
Each cockpit is enclosed by a matrix 
of eight pentagonal CRT windows, af¬ 
fording a field of view as broad as 
296 degrees. In effect each pilot sees 
as much from the simulator cockpit 
as he would from the aircraft itself. 

His view includes a synthetic ter¬ 
rain picture (a checkerboard) and a 
televised image of the other pilot’s 
aircraft, in an infinity representation. 
He can see operations of speed- 
brakes and afterburner, plus sun 
glints and gun and missile “hits/" 


Even G forces experienced by 
fighter pilots are simulated. Compu¬ 
ter-controlled pressures, supplied by 
G-seats and G-suits, act on the sur¬ 
face of the pilot’s body. 

G-seats duplicate the body feel 
during sustained accelerations, such 
as turns and pullouts from dives. 
Pressure is supplied by air forced in¬ 
to the seat pan, back rest, thigh 
panels and lap belt. Thirty-one air 
cells and the belt actuator are inde¬ 
pendently controlled by the compu¬ 
ter program. 

G-suit pressure is automatically 
activated whenever the anti-G valve 
in the cockpit is pressed or predeter¬ 
mined parameters are exceeded. 
Blackout conditions are represented 
by dimming cockpit lights. 

Although configured initially as 
F-4 aircraft, the simulator is capable 
of representing various other fighter 
craft. Two types can be simulated 
simultaneously, enabling pilots to 
develop and perfect air-to-air combat 
tactics. Even aircraft still in the plan¬ 
ning stage can be represented, mak¬ 
ing it possible to evaluate flight char¬ 


acteristics of tomorrow’s fighter craft 
before they leave the drawing board. 

A scoring system computes mis¬ 
sile and gunfire trajectories to deter¬ 
mine pilots’ combat competence. 
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Aviation Wide-Angle Visual 
System 

The Aviation Wide-Angle Visual 
System (AWAVS) was developed by 
Link for Cl.S. Navy research to deter¬ 
mine training requirements for air¬ 
craft carrier takeoffs and landings. 

The carrier image originates from 
a three-dimensional model, mounted 
on a gimbal mechanism to provide 
roll, pitch and heave motion. The car¬ 
rier model is viewed by a TV camera 
and optical probe on a movable gan¬ 
try, positioned in accordance with 
the location and attitude of the 
simulated aircraft. 

The image of the carrier and its 
wake is projected on a wraparound 
spherical screen on which also is dis¬ 
played a televised wide-angle sea¬ 
scape. 

Enclosed in the spherical screen is 
a simulator cockpit from which pilots 
get realistic views as they practice 
catapult takeoffs, circling and land¬ 


ing under various daylight, dusk and 
night conditions. 

The versatility of the system per¬ 
mits simulation of various aircraft. 
Originally the cockpit represented a 
T-2C; later one duplicating the 
Navy’s anti-submarine helicopter 
LAMPS was substituted. 

The seascape background image is 
generated electronically using a pho¬ 
tographic image and flying spot 
scanner and is projected over a 160° 
x 80° field of view. A special scene 
keying camera also views the pro¬ 
jected scene and ‘"subtracts” the 
carrier image from the background 
to eliminate any “bleed through” ef¬ 
fects. 

A special effects generator also 
electronically embellishes the scene, 
creating such impressions as re¬ 
stricted visibility, overcast ceiling 
and above-cloud flight. 

































Space Simulators 

Link has been actively involved in 
the U.S. space program since 1962 
when it employed simulation 
techniques to help train astronauts for 
pioneering Gemini flights. Later, in 
1964, Link provided a space flight 
trainer for Edwards Air Force Base and 
shortly thereafter designed and built 
the three Command Module 
Simulators and two Lunar Module 
Simulators in which Apollo astronauts 
trained for their successful moon 
missions. These simulators also were 
credited with helping avert disaster 
during the aborted Apollo 13 flight. 

Since 1965 Link also has been 
charged with the responsibility of 
maintaining and updating all NASA 
simulation and training equipment at 
Houston. Subsequently Link also built 
the simulator in which astronauts 
trained for the Skylab missions and 
was awarded NASA contracts to build 
an Orbiter Aeroflight Simulator and a 
Shuttle Mission Simulator. 



































Apollo Command Module 
Simulators 
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The Apollo Command Module 
Simulators were the largest most 
complex training installations ever 
built. Each was 30 feet high and 
weighed approximately 40 tons. One 
was installed at the Manned Space¬ 
craft Center in Houston, Texas, and 
two were placed at the Kennedy 
Space Center, Fla. 




These facilities, which were com¬ 
pleted in 1968, were used to train 
astronauts for every phase of the 
Apollo missions, from prelaunch 
through lunar module separation and 
rendezvous to earth reentry and land¬ 
ing. 

The simulators provided space 
lighting effects, enabling crews to 
see representations of the earth and 
moon. Realistic rendezvous and 
docking views were furnished by 
high-resolution closed-circuit televi¬ 
sion. Also simulated were food, wa¬ 
ter and waste systems, sound effects, 
and reentry heat changes. 

The simulators were integrated 
with the Manned Spacecraft Control 
Center, placing the astronauts in 
contact with the real-world network 
of monitoring stations. 

The indispensability of the simula¬ 
tors was dramatically demonstrated 
during the flight of Apollo 13 when 
the crew was rescued following an ex¬ 
plosion in space. Emergency meas¬ 
ures were tested on the simulators 
before being tried aloft. 




















Lunar Module Simulator 

Link also designed and built for 
the National Aeronautics and Space 
Administration two Lunar Module 
Simulators. They were integrated 
with two of the Command Module 
Simulators—one at the Manned 
Spacecraft Center and the other at 
Kennedy Space Center. 

Each Lunar Module Simulator con¬ 
sisted of a crew station, instructor 
station, equipment cabinets and an 
external visual display system. The 
latter employed film, optics, models 
and TV to present the lunar surface, 
earth, star-field, sun and Command 
Module. 

The interior of the crew station was 
a replica containing all equipment 
found in the actual vehicle, either 
operational or as mock-ups. 

As many as five persons could 
work in the instructor station, with 
additional room for observers. In¬ 
structors could freeze an exercise in 
order to discuss it with the crew and 
could also conduct missions faster 
than real time. 

The Lunar Module Simulators of¬ 
ten operated in integrated missions, 
exchanging data with the Command 
Module Simulators and the Mission 
Control Center. 
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Skylab Simulator 



The National Aeronautics and 
Space Administration also turned to 
Link to prepare for the next phase of 
the CLS. space exploration program. 
NASA awarded the concern the con¬ 
tract to design and build a simulator 
to train crews of Skylab—the orbit¬ 
ing laboratory whose missions in¬ 
cluded studying the sun. 

This project presented new chal¬ 
lenges because close-up views of the 
sun were not available, as they had 
been of the moon. Acquisition of 
such film was difficult because of 
the intervening earth’s atmosphere 
but this finally was accomplished, 
achieving maximum simulator real¬ 
ism. 

The Skylab Simulator was com¬ 
prised of the following components: 

—A crew station enclosure which 
housed the orbital assembly’s control 
and display panels. 

—An instructor/operator station 
which enabled as many as six men to 
control and monitor a simulation ex¬ 
ercise. 

—An image generation system 
which created the solar images. 

—A computer complex and asso¬ 
ciated peripheral equipment. 


—A software package that in¬ 
cluded the operating systems and the 
real-time program which represented 
the Skylab subsystems, the solar and 
earth resource experiments and the 
equations of motion. 

The simulator interfaced with a 
Command Module Simulator and 
Mission Control Center, maximizing 
the training capability. 


Orbiter Aeroflight Simulator 

Link’s dominance in space simula¬ 
tion again was reaffirmed when it was 
selected by the National Aeronautics 
and Space Administration for an¬ 
other major project. 

NASA awarded the contract for an 
Orbiter Aeroflight Simulator (OAS) 
for the Space Shuttle program. The 
OAS is for training astronauts in the 
sub-orbital operation of space shuttle 
vehicles. 

The simulator includes a crew sta¬ 
tion, color visual scene, a motion 
base and a flight computer-simulator 
interface for simulating orbiter flight 
dynamics and motion during the at¬ 
mospheric phase of shuttle opera¬ 
tions. 
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Shuttle Mission Simulator 

Link’s next contribution to the 
space effort was development of a 
Shuttle Mission Simulator (SMS). 

The simulator consists principally 
of a motion base crew station and a 
fixed base crew station, integrated 
with a Visulink Full/Scan Digital lm- 
age Generator System and a Visulink 
High Resolution/Camera Model Vis- 
ual Display System. 

It is designed to train crews and 
flight controllers in all mission 
phases of the Space Shuttle Orbiter 
Vehicle, including launch, orbital in¬ 
sertion, orbital operations, re-entry 
and landing. 

The Space Shuttle is a space trans¬ 
portation system for various gravity- 
free experiments in earth orbit. After 
each mission, the reusable orbiter 
lands like an airplane. 

One visual system furnishes com¬ 
puter-generated images of the Shut¬ 
tle flying. It also shows the Shuttle 
with cargo bay doors open and satel¬ 
lite payload in place, enabling as¬ 
tronauts to practice cargo manipula¬ 
tion with the vehicle’s remote arms. 



Link also designed and built a sim¬ 
ulator to train crews of the European 
Spacelab for participation in U.S. 

Space Shuttle missions. The Space- 
lab was produced by a consortium of 
seven countries and 13 companies. 

The Spacelab Simulator is de¬ 
signed to be integrated with the 
Shuttle Mission Simulator to train 
flight crews and flight control per- ^ 
sonnel in nearly all phases of Space¬ 
lab operations. 
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General Aviation Trainers 

Link has applied the technology that 
produced sophisticated commercial 
and military aircraft simulators to meet 
the needs of general aviation. 

Link has developed trainers that are 
economical enough to be purchased 
by high schools and colleges, flying 
schools and private flying clubs. 


It also has designed a companion 
device for low-cost helicopter training. 
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GAT-1 General Aviation 
Trainer 
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The GATM General Aviation 
Trainer simulates the performance of 
a typical light single-engine propel¬ 
ler-driven aircraft. 

It is equipped and performs like a 
real airplane. Students working the 
controls feel the actual motion of 
climbing, diving, turning and bank¬ 
ing. All maneuvers are faithfully re¬ 
flected by the cockpit instruments. 




This realism is further enhanced 
by the sound of the engine, the swish 
of the slipstream and the screech of 
the tires touching the runway. Stu¬ 
dents are even jolted by “rough air.” 

Thanks to a built-in solid-state 
computer, the GAT-1 General Avia¬ 
tion Trainer performs realistically in 
response not only to all pilot controls 
but also to atmospheric, aerodynam¬ 
ic and ground effects introduced by 
the instructor. 

It provides instruction in takeoffs, 
stalls, traffic pattern flying, land¬ 
ings, radio navigation, instrument 
approaches, communications and 
emergency procedures. Automatic 
radio aids permit solo instrument 
practice. 

The GAT-1 trainer is mounted on a 
three-degree-of-freedom motion sys¬ 
tem, providing pitch, roll and yaw. 
All three axes of motion can be se¬ 
lected individually enabling students 
to master one maneuver element be¬ 
fore proceeding to the others and 
eventually coping simultaneously 
with all three. 

GAT-1 trainers have become in¬ 
creasingly popular in high schools 
and colleges, not only to teach flying 
but also to motivate students to 
master related subjects such as 
astronomy, mathematics, physics, 
electronics and computer technol¬ 
ogy. They also are used by aviation 
research institutes, commercial air 
carriers, the U.S. armed forces, the 
(IS. Federal Aviation Administration 
and a number of other military agen¬ 
cies and governments around the 
world. 
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GAT-2 Flight and Navigation 
Trainers 


GAT*-2 Flight and Navigation 
Trainers simulate twin-reciprocating- 
engine aircraft. 

Each trainer is configured to meet 
training requirements for a particular 
type; the one shown here was de¬ 
signed for the Argentine Army’s 
T-42A. 

GAT-2 trainers simulate flight, en¬ 
gines, aircraft systems, environment 
and radio communication/naviga¬ 
tion. They are intended for use in a 
variety of training programs, includ¬ 
ing multi-engine familiarization and 
handling, navigation and communi¬ 
cations procedures, instrument ap¬ 
proaches, basic instruments and 
emergency procedures. 

The trainers can be operated solo, 
with the trainee in the left seat, or 
dual, with the flight instructor in the 
right seat. 

The design features complete 
solid-state electronics, microcircuit¬ 
ry and plug-in printed circuit cards. 
This modular approach facilitates 
maintenance and modification. 














Helicopter Operational Trainer 

The Helicopter Operational Train¬ 
er (HOT) develops the basic skills 
necessary to control a typical single¬ 
rotor helicopter. 

In its basic configuration, the 
trainer consists of a cockpit with a 
simulation computer mounted on a 
two-axis motion system. The instruc¬ 
tor rides in the cockpit as he would in 
an operational helicopter. 

Trainees learn to control the air¬ 
craft during take off, hovering flight, 
transition to and from hover, forward 
and backward flight, and landing. A 
single set of flight instruments is pro¬ 
vided for the trainee and dual con¬ 
trols (cyclic, collective and direction¬ 
al) are furnished for both the student 
and instructor. 

Motion cues consist of pitch and 
roll movement, plus the effects of 
rough air, landing impact and rotor- 


induced vibration. Sound simulation 
duplicates engine and transmission 
noise under varying load conditions. 

Optional equipment includes a 
complete radio aids package, addi¬ 
tional flight instrumentation, a re¬ 
mote instructor station, and a rel¬ 
ative motion display system. The 
radio aids option comprises NAV/ 
COMM, VOR/ILS, ADF, a ground 
path recorder and 16 simulated radio 
facilities, adding cross-country in¬ 
strument flight to the training capa¬ 
bility. 

Engine and flight handling charac¬ 
teristics can be programmed for 
either reciprocating or turbine-pow¬ 
ered engines and simulation fidelity 
extends even to the effects of mech¬ 
anized coupling to the rotor system. 
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Training Systems 

Nautical training systems are 
becoming increasingly indispensable 
as vessels become larger and more 
complex. 

Today’s ships rival many industrial 
plants and aircraft in complexity and 
sophistication. Fast-paced naval and 
maritime technology has spawned such 
advancements as nuclear and gas- 
turbine drive, electronic fire control, 
automated bridge control, and 
automatic cargo handling—all of a 
complexity undreamed of a few years 
ago. 

These advancements require 
operational personnel with highly 
developed skills—skills difficult to 
acquire by hit-or-miss shipboard 
training. The solution is shore-based 
training on simulation devices which 
realistically duplicate at-sea 
experience. 








































Ship Propulsion System 
Trainers 

Automation of ship propulsion 
systems and the use of high perform¬ 
ance engines have created extra 
problems for instructors and stu¬ 
dents in learning to operate these 
plants safely and efficiently. The high 
cost of this sophisticated machinery 
and the increasing cost of oil make it 
impractical to use actual power 
plants for training purposes. 

The high degree of simulation in 
Link* training systems permits train¬ 
ees to acquire the necessary skills 
and realistic practice to make quick, 
intelligent, confident decisions and 
to efficiently operate and trouble¬ 
shoot a modern automated propul¬ 
sion plant. 

This simulation is enhanced by an 
extensive selection of malfunctions 
and failures which can be inserted by 
the instructor or preprogrammed for 
computer control, providing training 
not possible to achieve with actual 
operational systems. 

Link* ship propulsion trainers in¬ 
clude systems for steam turbine pow- 
erplants, diesel powerplants, gas tur¬ 
bine powerplants and combinations 
of diesel and gas turbine. 


Cargo Operations Training 
Systems 

The high level of skill required to 
handle today’s large shipboard car¬ 
gos can be attained by using Link* 
training systems. 

Such training is invaluable as a 
means of reducing the likelihood of 
operational errors, which can be ex¬ 
tremely costly, as in the case of oil 
pollution accidents. 

A carefully designed training sys¬ 
tem can provide the "hands-on” ex¬ 
perience necessary to prepare per¬ 
sonnel to operate modern tankers 
safely and efficiently, providing car¬ 
go handling practice in complete 
safety. A wide variety of situations 
can be presented to trainees in a 
much shorter time than possible on 
actual vessels. 

Two types of Liquid Cargo Han¬ 
dling Trainers are available—for oil 


and liquified gas. They permit deck 
officers to practice operations and 
emergency procedures safely and to 
learn the consequences of improper 
actions. An actual tanker ship config¬ 
uration can be used as a model for 
the simulation or a hypothetical 
tanker design can be simulated. 

Trainees can operate the simulator 
as if it were an actual shipboard sys¬ 
tem, with resulting realistic reactions 
and responses. The instructor con¬ 
trols the initial conditions and moni¬ 
tors the trainees’ actions. An exten¬ 
sive repertoire of malfunctions and 
failures can be introduced by the in¬ 
structor or under preprogrammed 
computer control. A hard copy print¬ 
out assists in assessing results. 

Group training can also be con¬ 
ducted, with trainees observing oper¬ 
ations on animated schematic dis¬ 
plays. 


Sonar Operator Trainers 

Link has been a major supplier of 
sonar simulation equipment since 
1966. 

All levels of training are available, 
from basic to advanced, for all types 
of sonar systems, including sophisti¬ 
cated ones which assess capabilities 
of threatening vessels. The latest in 
ocean modeling and digital process¬ 
ing techniques are employed. 

A typical trainer has from one to 
four operating areas containing sys¬ 
tem displays and controls, plus a 
control room with instructor con¬ 
soles including displays and monitor¬ 
ing equipment. It simulates the sonar 
and audio systems for as many as 
four own-ships and 16 targets, in¬ 
cluding submarines, destroyers, tor¬ 
pedo boats, torpedoes, merchant 
vessels and emergency rescues. 

Sonar trainers can be integrated 
with other training systems. 





Radar and Electronic 
Navigation Trainers 


Collision Avoidance Radar Electronic Navigation Training 

Trainers Systems 


Link offers the latest in training 
systems for all types of radar, naviga¬ 
tion and direction-finding equip¬ 
ment. 

These include trainers for collision 
avoidance radar, loran, Decca and 
Omega navigation systems, satellite 
navigation, RDF/ADF systems and 
depth-finding equipment. 

Modular designs permit these 
trainers to be used as single units or 
in any combination in integrated sys¬ 
tems. 


Link developed the world s first all 
digital radar coastline generator in 
1967. This was incorporated in a Col¬ 
lision Avoidance Radar Trainer 
(CART), providing realism, accuracy 
and repeatability characteristics im¬ 
possible to attain with analog simula¬ 
tion techniques. 

Since then CART has been im¬ 
proved further, insuring that it meas¬ 
ures up to today’s high performance 
standards of electronic navigation 
aids. 

A trainer may have as many as 
eight own-ship trainee stations, each 
with radar and anti-collision displays 
and own-ship controls. Instructor’s 
stations have alphanumeric displays 
with keyboards for problem setup 
and monitoring of trainee actions. 


Modern ship navigation requires 
several types of special purpose elec¬ 
tronic systems. Link has developed 
simulators to provide effective train¬ 
ing in operation of these systems, 
presenting a variety of situations to 
trainees. 

Trainers are available for loran, 
Decca navigator, Omega, satellite 
navigation, automatic direction find- 
ing/RDF and depth-finding systems. 

Actual shipboard units often are 
used, linked with digital computers 
which generate “real world” environ¬ 
ment signals, simulating information 
normally received by shipboard an¬ 
tennas. 




The unfailing accuracy and ease of 
modifying data bases and coastal 
areas of interest make this system an 
effective training tool. 
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Naval Tactics Training 
Systems 


Link has gained unparalleled expe¬ 
rience in developing Naval Tactics 
Training Systems. Their flexible de¬ 
sign permits each system to be tai¬ 
lored to meet specific user require¬ 
ments. This flexibility is maintained 
throughout the design to permit fu¬ 
ture change and growth to accom¬ 
modate new vessels, weapons and 
equipment. 


Naval Tactics Procedures 
Trainers 

The mission of this system is to 
train Combat Information Center 
(CIC) teams in tactical procedures, 
utilizing equipment configured like 
that aboard an active combat ves¬ 
sel. 

Procedures in use of sensor sys¬ 
tems, weapon systems and commu¬ 
nications equipment can be prac¬ 
ticed either in one-on-one or multiple 
vessel situations. 

The trainers provide large gaming 
areas, up to 500 by 500 nautical 
miles, with radar coastline and har¬ 
bor areas detailed. All vehicles (own- 
ship and targets) can be maneuvered 
over the entire gaming area. 

Simulation capabilities include as 
many as eight own-ships which may 
be designated as surface, sub-surface 
and air vehicles. Up to 100 targets 
can be simulated, including frigates, 
minelayers, patrol boats, subma¬ 
rines, torpedo boats, merchant ves¬ 
sels, fighter-bombers, patrol aircraft, 
helicopters and guided missiles. 





Action Speed Tactics Trainer 

A higher level of tactics training 
can be achieved with an Action 
Speed Tactics Trainer. It is designed 
to train Command Teams in decision 
making during naval exercises and 
engagements. 

It can simulate one-on-one actions 
as well as multiple platform actions 
employing all of the weapons, sen¬ 
sors, countermeasures and commu¬ 
nications systems normally used in 
modern naval warfare. 

The system is designed to satisfy 
three major requirements: 

—To train officers in tactical and 
strategic decision making. 

—To provide a research and devel¬ 
opment tool for investigating new 
vehicles, weapons, sensors and tac¬ 
tics innovations. 

—To be flexible in design to per¬ 
mit changes to meet specific user re¬ 
quirements. 

ASTT can represent up to 20 own- 
ships and more than 150 target vehi¬ 
cles, in a gaming area encompassing 
more than one million square miles. 
The system generates and presents 
tactical information on cubicle dis¬ 
plays for appropriate action by mem¬ 
bers of the command team. Team 
members implement decisions by 
manipulating controls and entering 
reactions via the alphanumeric dis¬ 
play and tactical display keyboards. 

The system reacts in real time and 
adapts to the changing situation ac¬ 
cordingly, realistically presenting 
new situations and information. 



Submarine Training Systems 

Link provides effective submarine 
training systems to bring submari¬ 
ners’ combat skills to a high level of 
proficiency. 

These systems include: 

—Attack Trainers: to teach target 
acquisition and attack phases of an 
attack submarines mission. 

—Combat System Team Trainers: 
to teach and refine skills of combat 
system team members, including 


sensor operators, weapon system op¬ 
erators and the command team in all 
combat mission phases, using both 
offensive and defensive systems. 

—Command and Control Team 
Trainers: to train submarine com¬ 
manders and their subordinates in 
tactical decision making. 

Command and Control Team 
Trainers are the most advanced of 
Link* submarine training systems. 
One was developed for the CLS. Navy 


to train crews of Trident nuclear sub¬ 
marines. 

In a realistic environment duty of¬ 
ficers and key enlisted personnel 
learn submarine operations and tac¬ 
tical procedures, using simulated de¬ 
fensive weapons systems for evasion 
and attack. Training includes evasive 
maneuvering and counter-measures; 
torpedo setting, firing and post¬ 
launch control; and missile count¬ 
down and launch. In addition, this 
system can train plotting parties in 
piloting techniques. 
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Command Decision Training 
Systems 

Link has developed training sys¬ 
tems for effectively and economi¬ 
cally exercising command teams in 
decision-making, in a controlled en¬ 
vironment with complete secrecy. 

Such systems have been devised 
for the ti.S. Army and Ci.S. Navy as 
well as other military services 
throughout the world. The same 
training techniques can be used for 
strategic level war gaming, civil 
defense, air defense and air traffic 
control. 

These systems are designed to 
provide a flexible gaming capability 
where command teams can practice 
decision-making procedures under 
controlled conditions, using either 
hypothetical situations or simulated 
historical scenarios. 

A typical real world Command 
and Control System handles rapidly 
evolving situations encountered in 
employment of modern weapon sys¬ 
tems and warfare techniques. The 
System has to cope with a vast quan¬ 
tity of information from intelligence 
and communications links between 
sensors and command centers and 
command centers and field forces. 


This information has to be studied by 
decision makers who then assess the 
threat and command the appropriate 
responses. 

In a Command Decision-Making 
Trainer, through computer software 
techniques, the entire environment is 
represented. Trainees are provided 
with equipment including communi¬ 
cations and displays which furnish in¬ 
formation in a realistic fashion. In¬ 
structors set up initial conditions, 
monitor game progress, evaluate 
trainee actions and supervise debrief¬ 
ings. Their displays and controls per¬ 
mit interaction with the computer 
system and trainees. They may also 
act as role players when required. 

A Navy trainer may include several 
rooms representing command cen¬ 
ters on combat vessels and a land- 
based headquarters. An Army trainer 
may consist of a field headquarters 
and a role player center. A strategic 
level war gaming system may in¬ 
clude a large war room with ancillary 
role player centers. 

All such trainers have a large data 
base and flexible software designs 
which operate with the base to pro¬ 
duce a smooth flowing real-time in¬ 
teractive scenario. 



























Visual Systems 




Visual cues play a major role in 
providing realistic effective training. 

Link has been producing visual 
display systems of varying types and 
complexities since 1942. 

The earlier systems included: 

□ All-Electronic Night Landing 
System 

□ Day/Night Visual System 
(SMK-23) 

□ Airborne Fog Simulator 

□ Tactical Avionics System 
Simulator 

□ Mark IV and Mark V closed circuit 
television systems 

□ VAMP* Variable Anamorphic 
Motion Picture system 

More recently Link introduced 
Visulink* Visual Display Systems, 
significantly advancing the state of the 
art. 

Link’s diversity of experience 
provides a solid foundation of 
expertise for meeting today’s 
increasingly complex visual 
requirements. 































VISULINK Visual 
Display Systems 

Visulink Visual Display Systems 
encompass a broad spectrum of vi¬ 
sual simulation. They are the largest 
family of such systems available, 
with one to meet everyone’s training 
requirements. 

The basic components of the Visu¬ 
link family are: 

Visulink* Full/Scan Digital Image 
Generator. It furnishes computer- 
calculated imagery faithfully repre¬ 
senting the view from any aircraft or 
other vehicle—from submarine to 
satellite. 

Visulink* High Resolution/Camera 
Model Visual Display System. This 
employs a large terrain model and 
closed-circuit color television to furn¬ 
ish infinity displays which are strik¬ 
ingly realistic, even at close range. 

Visulink* Dusk Occulting Night 
Visual System. It employs more than 
10,000 light points to furnish compu¬ 
ter-generated night scenes in color. 

Visulink* Laser Image Generator. 
This is one of the most sophisticated 
systems developed by Link, a major 
advancement in the evolution of vi¬ 
sual technology employing a laser 
beam to provide detailed scenes at 
all altitudes. 


VISULIMK Full Scan Digital 
Image Generator 

The Visulink Digital Image 
Generator System (DIG) produces 
1,000-line computer-composed color 
scenes for a broad range of training 
applications. 

The flexibility of digital technology 
permits DIG to generate a wide vari¬ 
ety of out-the-window scenes not on¬ 
ly for aircraft but also other vehicles, 
including ships, submarines, tanks 
and spacecraft. Virtually all applica¬ 
tions for visual systems in the train¬ 
ing environment can be supplied. 

DIG has a demonstrated scene ca¬ 
pacity of 8,000 edges or light points 
which produce high density scenes 
under daylight, dusk or night condi¬ 
tions. 

Used with aircraft simulators, such 
as U.S. Air Force F-l 1 l’s and B-52’s, 
DIG can perform such demanding 
tasks as air-to-air combat, formation 
flight and aerial refueling. 

DIG also is being used for such so¬ 
phisticated assignments as the U.S. 
Space Shuttle simulator where it de¬ 
picts the earth below, the payloads in 
the cargo bay and the operation of 
the remote manipulator arm. 

DIG uses data bases which contain 
the color and location of the faces in 
memory that comprise every cultural 
and terrain object in the simulated 
area. A built-in update capability per¬ 
mits easy modification of the data 
base. 

From this digital scene data, DIG 
constructs in real time, and in the 
proper color and perspective, a scene 
that continuously reacts to a pilot. 
These computed scenes are pre¬ 
sented to the pilot on a special CRT 
at the same frame rates as commer¬ 
cial television. 

Although objects are described by 
edges, they need not look flat-faced. 
A smooth-shading feature blends the 
intensities across objects, imparting 
a delicately varying shading which 
changes the flat facets into a single 
smooth rounded contour. 

Objects respond to the illumina¬ 
tion of the “sun,” brightening on the 
side toward the light and darkening 
on the opposite side. As the sun or 
object moves, the shading shifts ap¬ 





propriately. When one object goes 
behind another it is hidden just as it 
would be in real life. 

DIG can show not only solid ob¬ 
jects but also two-dimensional 
ground patterns, fine lines and point 
lights, which can be made to flash, 
rotate, strobe or be seen from only 
one direction. All retain their con¬ 
tinuity and shape as they recede into 
the distance. ► 














Realistic visibility effects can be 
introduced. The scene can be im¬ 
mersed in fog or haze, of desired den¬ 
sities, which makes them fade away 
into the distance. Cloud tops and bot¬ 
toms can be simulated, along with 
the “breakout” that a pilot experi¬ 
ences as he drops beneath the cloud 
bottom. Distinct individual clouds 
can also be modeled, including tow¬ 
ering cumulonimbus or thunder- 
heads. All retain their shape and 
identity as the pilot flies toward them 
and then into them, with appropriate 
white-out effects. 

When the DIG visual data base is 
encoded to include data describing 
lnfared (IR) or Low Light Level Tele¬ 
vision (LLLTV) returns for the simu¬ 
lated area, the appropriate sensor 
scenes can be generated and dis¬ 
played. Link has developed and is 
producing systems for both the B-52 
program and the Northrop simulator 
that simultaneously display cor¬ 
related visual and sensor scenes. 

The IR and LLLTV scene genera¬ 
tion is accommodated because pro¬ 
vision was made in the data base for¬ 
mat to include data fields for describ¬ 
ing any type of sensor return in addi¬ 
tion to visual data. 


VISULINK High 
Resolution/Camera Model 
Visual Display System 


The Visulink High Resolution/ 
Camera Model Visual Display Sys¬ 
tem capitalizes on technological ad¬ 
vances in the field of electro optics to 
meet exacting training requirements. 

Unlike conventional systems 
which use commercial low-resolution 
television cameras and displays and 
terrain models which lose realism at 
close range, the Visulink system pro¬ 
duces highly realistic scenes regard¬ 
less of altitude. 

This is accomplished by using a 
high-detail terrain model scanned by 
a high resolution color camera cou¬ 
pled to a wide angle, servo-driven 
Scheimpflug-corrected optical probe 
specifically developed for this sys¬ 
tem. 

The model board is fashioned 
painstakingly, with rigorous ad¬ 
herence to correct scale factors so 
trainees can properly judge altitude, 
altitude rates, slant ranges, closure 
rates, etc. 

Latest high fidelity modeling tech¬ 
niques produce exceedingly accurate 
detail, making the system well suited 
for helicopter training—including 
nap-of-the-earth operations below 
tree-top level. 

A high scale factor, such as 
1,500:1, increases the flying area 
without sacrificing detail—even indi¬ 
vidual trees stand up to close inspec¬ 
tion. 

Instructor controls permit adjust¬ 
ment of terrain model illumination to 
simulate day, dusk or night. 

To meet exacting training require¬ 
ments Link developed a highly sen¬ 
sitive, high resolution TV camera. It 
uses three SEC vidicons to provide 
relatively low resolution color infor¬ 
mation and a new two-inch intensi¬ 
fied vidicon to provide high resolu¬ 
tion luminance information. The use 
of four image-tubes minimizes mis¬ 
registration problems and reduces 
the number of wide bandwidth chan¬ 
nels to one, thereby increasing sys¬ 
tem reliability. The result is a cost ef¬ 
fective color camera which requires 
less day-to-day maintenance than 
conventional three-tube cameras. 



The high resolution television 
chain generates approximately 
960,000 picture elements—four 
times as many as conventional sys¬ 
tems—greatly increasing the ability 
to display imagery of high clarity and 
detail. 

Contributing to this clarity is the 
optical probe which employs a com¬ 
plex and highly advanced system of 
optical correction, known as Scheim- 
pflug. This preserves sharp focus 
down to simulated eye heights of 10 
feet and permits “flying” close to ver¬ 
tical objects. The system is so flexi¬ 
ble that it cari operate in rugged, 
high-relief terrain, with sharp eleva¬ 
tion changes of as much as 1,500 
feet. 

Aircraft attitudes are simulated by 
the probe; e.g., pitch is represented 
by tilting a mirror at the probe’s en¬ 
trance pupil and heading is simu¬ 
lated by rotating the pitch prism 
about the optical axis. 

Each pilot’s window has a color 
CRT monitor viewed through a 
beam-splitter and spherical mirror; 
the latter collimates the images so 
the scene appears to be at infinity 
throughout the range of normal head 
movement. 

The system is used by the U.S. 
Army for training helicopter pilots. 












VISGLINK Dusk Occulting 
Night Visual System 

Link has developed an advanced 
model of itsVisulink* Night Visual 
System (NVS). 

Called the Visulink Dusk Occult¬ 
ing Night Visual System (DNVS), this 
compact simulator attachment pro¬ 
vides computer-generated night and 
dusk scenes in full color. 

In addition to dusk scenes, DNVS 
offers another advantage: occulting. 
Vertical surfaces such as buildings, 
hills and mountains are made to 
obscure each other in accordance 
with changing positions of the visual 


reference point. Distant scenes in¬ 
itially hidden by hills are gradually 
exposed as the simulated aircraft ap¬ 
proaches. This occulting capability 
contributes greatly to image realism. 

DNVS enhances the training capa¬ 
bility of flight simulators during taxi¬ 
ing, take off, circling, approach and 
landing procedures in varying visibil¬ 
ity. The system is under direct con¬ 
trol of the instructor who can select 
the required airport scene, establish 
environmental conditions and con¬ 
trol various runway lighting systems. 
Operations can range from VFR to 
full CAT 3 conditions. 

In a typical DNVS scene the pilot 
sees the airfield environment, with all 


significant features included. All 
lights are in their correct relationship 
to one another and they grow in in¬ 
tensity as the aircraft draws nearer, 
exactly as they would be seen in the 
real world. 

In addition to runway, approach 
and threshold lights, the scene can 
include taxiway lights, red obstruc¬ 
tion lights, lights of airport buildings, 
flashing beacons, strobe lights, and 
street and other lighting outside the 
airport. Further realism is provided 
by inclusion of stars, airborne traffic 
and lights of moving vehicles on the 
ground. 

The runway surface becomes visi¬ 
ble in the aircraft’s landing lights and 
the center line and threshold mark¬ 
ings are seen as in real life. On the 
horizon, a pale glow is seen, with hills 
and possibly large buildings silhouet¬ 
ted against it, depending on aircraft 
height. 

The scene can include cloud ef¬ 
fects, with cloud top height and ceil¬ 
ing being selected by the instructor. 
The effect of an aircraft breaking 
through patchy clouds or scud, with 
intermittent views of the ground, is 
realistically shown. The display can 
also show the effect of limited run¬ 
way visibility, with RVR set to any re¬ 
quired value over a wide range. 

Also contributing to realism is the 
infinity-collimated image. The pic¬ 
ture is seen by the aircrew as being at 
a distance, not on a nearby flat sur¬ 
face. 

A standard data base, covering 
an area of 170 miles square, can con¬ 
tain between 10,000 and 20,000 light 
points. It is possible to show up to 
10,000 at one time, in addition to 
horizon glow. These light points are 
processed in less than l/3Gth of a 
second, a fast refresh rate which en¬ 
sures a flicker-free presentation. A 
data base also can contain as many 
as 250 surfaces, of which about 100 
are displayed at any one time. A typi¬ 
cal approach scene requires around 
70 surfaces and 2,500 light points. 

The basic configuration provides 
the two front windows with the same 
display from a single computer, im¬ 
age processor and image generator. 
Additional channels can be furnished 
with as many as six windows avail¬ 
able, making simulators capable of 
such training as circling approaches. 
















VISULINK Laser Image 
Generator 

The Visulink Laser Image Genera¬ 
tor represents Link’s latest techno¬ 
logical advance in the field of electro¬ 
optics. 

It provides high-resolution, high- 
scene detail at all altitudes and is par¬ 
ticularly suitable for low-altitude 
flight requirements. 

A multicolored laser beam scans a 
high-detail model board within the 
pilot’s field of view. The reflected 
light from the board is detected by a 
bank of photomultipliers to provide a 
high-resolution, full-color video input 
to the simulator display. 

The laser beam originates at a 
laser table and is transmitted along 
the gantry axes to a scanner assem¬ 
bly. The scanner generates a raster 
that is projected through a probe and 
onto a model board from which it is 
reflected to the photomultiplier 
tubes. These outputs are summed to 
produce a video image whose view 
point and perspective are that of the 
exit pupil of the projection probe. 

The Laser Image Generator offers 
a flexible visual display with scene 
quality essential for tactical mission 
simulation. The wide field of view 
and picture quality provided by this 
system make it well suited for a num¬ 
ber of training programs, including 
attack helicopter, nap-of-the-earth 
battlefield mission flight, V/STOL, 
air-to-ground tactical missions, tac¬ 
tical helicopter transport operations 
and armored fighting vehicles. 



SCAMP Visual System 

The SCAMP (Scanned Motion Pic¬ 
ture) Visual System is an all-elec¬ 
tronic version of the VAMP Visual 
System. 

The SCAMP is functionally the 
same as its parent, using films but 
with color television as the display 
medium rather than direct optical 
projection. 

Perspective distortion is obtained 
through electronic computation, 
substantially reducing the cost of the 
overall system. 

The only concession made to 
achieve this cost reduction is in reso¬ 
lution. The extremely high picture 
quality of the optical VAMP system, 
which has a 2-3 arc-minute resolu¬ 
tion, is reduced through use of com¬ 
mercial TV components to approxi¬ 
mately 10 arc minutes—equivalent 
to the quality provided by commer¬ 
cial camera/model visual simulation 
systems employing color television. 

SCAMP’s maneuverability is at¬ 
tained by taking film with wide-angle 
lenses which provide an 83° horizon¬ 
tal field of view and all of the ground 
imagery from the horizon to 33° be¬ 
low the horizon. The imagery above 
the horizon, held to a minimum to re¬ 
duce the amount of film required, is 
synthetically generated to provide a 
uniformly lighted sky. 

The film-stored field of view is 
used three ways: 

1. To provide the imagery in the 
44° by 28° field of view display. 

2. To provide the imagery for ver¬ 
tical and lateral excursions. 

3. To provide the imagery for an¬ 
gular maneuverability in pitch, head¬ 
ing and roll. 


Area of Interest Visual 
System 

The Area of Interest Visual System 
employs a six-window matrix of high 
resolution color TV displays. 

The display system encompasses a 
field of view large enough to contain 
the area of interest for most of the 
commonly-used training profiles. 
(The area of interest is that which 
commands a pilot’s attention during 
a maneuver; the AOl inset surrounds 
the point of interest—typically a tar¬ 
get area or landing field.) 

An infinity image provides true 
depth perspective and the full color 
allows for realistic target recogni¬ 
tion. 

The display system has the follow¬ 
ing features: 

1. High resolution imagery with 
the AOl. 

2. Capability to move the AOl any¬ 
where within the display field of view 
as a function of pilot maneuvers rela¬ 
tive to a fixed target point. 

3. Peripheral imagery of compara¬ 
tively low resolution in the portions 
of the display not filled by the AOl in¬ 
set. 

4. Incorporation of true perspec¬ 
tive and motion effects into the total 
scene displayed. 

5. Large envelope capability. 

The AOl visual system can use real 
world film, camera model or digital 
computer imagery, combined with 
peripheral images generated by a 
high speed analog computer. 




Radar Landmass 
Simulation Systems 

Link has designed and built more 
than 100 Radar Landmass Simula¬ 
tors for use in military aircraft train¬ 
ing. 

Since the early 1960’s Link person¬ 
nel have been issued numerous pat¬ 
ents in connection with research and 
development work in this highly spe¬ 
cialized field. Thirty-one different 
types of simulators have been built, 
the first of which, for the A3J radar, 
is still in operation. 

After producing nearly 100 analog 
simulators, and after more than six 
years of research, Link developed the 
world’s first digital radar landmass 
system. Digital systems generate ra¬ 
dar imagery by real time computa¬ 
tion, using a digital data base instead 
of film or terrain models as in previ¬ 
ous systems. This method affords un¬ 
limited freedom of maneuver within 
the simulated operating area, en¬ 
compassing thousands of square 
miles. 

Link uses Defense Mapping Agen¬ 
cy (DMA) source data for the digital 
data base. This data, developed from 
maps, photographs, etc., provides 
the most accurate digital representa¬ 
tion of large areas of the earth’s sur¬ 
face available today. 

Another advantage of this system 
is that it has a built-in update capa¬ 
bility. If a change occurs in the actual 
terrain being simulated—for exam¬ 
ple, a bridge is erected—the data 
base can be altered within minutes to 
include a representation of the span. 


Simulated images represent a 
composite of many aspects, such as 
effects of shadowing, earth curvature 
and refraction, and range and at¬ 
mospheric attenuation—just as in 
the real world. Seasonal changes can 
be accommodated and local weather 
effects, rain and thunderstorms can 
also be depicted. 

The first such simulators were 
built for the Grumman Aircraft Cor¬ 
poration for use with an E-2C trainer 
and for the German Air Force, as 
part of Link* F-4F Weapon System 
Trainers. 

Project 1183 

Link developed a special Digital 
Radar Landmass Simulator (DRLMS) 
for research by the Aeronautical Sys¬ 
tems Division at the Tactical Air 
Command, Nellis Air Force Base. 

Called project 1183, this DRLMS is 
used not only for training but also as 
an engineering-development test bed 
for radar simulation requirements on 
future Air Force systems. 

It is a sophisticated special-pur¬ 
pose digital computer which pro¬ 
duces simulated real-time images 
simultaneously on the attack radar 
and terrain following radar scopes of 
the host aircraft simulator. 

The digitally encoded data base, 
which includes information on the 
earth’s terrain relief and man-made 
features, has a built-in update facil¬ 
ity. This feature, in conjunction with 
software control, permits experimen¬ 
tation with various combinations of 
source data at different resolutions. 


Radar Predictor 

The radar prediction system quick¬ 
ly synthesizes hard copy radar im¬ 
ages as an aid to identification of 
targets and navigation checkpoints. 

The system, operated in conjunc¬ 
tion with a digital radar landmass 
simulator, uses a digital data base 
representative of the terrain, updat¬ 
ing the data to reflect latest changes 
in terrain features. 

It generates images nearly instan¬ 
taneously and photographs of those 
images in a few minutes, in contrast 
to manual methods which require up 
to four hours. 

The predictor flies a simulated 
mission in real time, noting positions 
at which hard copy imagery would be 
useful. It can be put in a freeze mode 
at any time to permit photography. 

Digitally synthesized radar predic¬ 
tion imagery is characterized by im¬ 
proved realism, accuracy and re¬ 
peatability as compared with earlier 
techniques. 

FLIR/LLLTV 

Link conducted a simulation study 
for the (J.S. Air Force on Forward 
Looking Infrared (FL1R) and Low 
Light Level Television (LLLTV). 

Link developed an all-digital in- 
house FL1R and LLLTV laboratory 
model simulation system which op¬ 
erates in real-time from a data base 
transformed from Air Force Project 
1183. 

The system uses line segments 
and points to encode an infrared 
spectrum representation of the oper¬ 
ating area for FL1R simulation and a 
visible spectrum representation of 
the operating area for LLLTV simula¬ 
tion. All-digital storage retrieval and 
processing are used for both. 

Resolution as fine as 50 feet has 
been demonstrated in the digital im¬ 
age generator system. Finer detail 
can be encoded and processed. 

Earlier Link developed a FL1R/ 
LLLTV/RADAR part-task trainer 
which computes synthesized sensor 
imagery from aerial photographs on 
film strips. Different fields of view are 
simulated by changing lenses in the 
flying spot scanner optical system. 
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Complementary Systems 



The full potential of aircraft 
simulation can be achieved only if 
full advantage is taken of 
complementary systems which 
enhance training realism. 

These systems, such as those 
providing motion cues, add new 
dimensions to flight training. 

Link is the organization best 
equipped by experience and 
production capability to supply 
these systems to meet all training 
requirements. 


























































Motion Systems 

Motion cue generation has been an 
important part of flight training since 
the earliest days of the famed “Blue 
Box.” The present sophisticated 
systems have evolved from the sim¬ 
ple bellows type device used with the 
first Link trainers. Today’s systems 
impart to the pilot most motion cues 
he will experience in an actual air¬ 
craft, faithfully reinforcing the read¬ 
ings of the simulator instruments. 
Thus a trainee “feels” and “sees” how 
a particular aircraft undergoes each 
type of maneuver. 

It is generally agreed that motion 
cues are greatly desirable for simula¬ 
tor training, especially when used in 
conjunction with a visual system. 

Of the many types of motion sys¬ 
tems designed and built by Link the 
two which provide the most ad¬ 
vanced training are the Synergistic 
and Cascaded systems. 

Synergistic systems derive their 
name from Greek words meaning 
“working together.” Half a dozen 
hydraulic servo actuators work in 
concert to provide a six-degree-of- 
freedom motion system which af¬ 
fords maximum simulation fidelity. 

The actuators, in bipods joined to 
three floor pads, are connected at the 
upper end to a single movable plat¬ 
form. The platform is capable of si¬ 
multaneous motion in six indepen¬ 
dent degrees of freedom: lateral, lon¬ 
gitudinal, vertical, pitch, roll and 
yaw. These furnish trainees with ac¬ 
celeration cues experienced in nor¬ 
mal and emergency flight maneu¬ 
vers. 

Cascaded motion systems use the 
“building blocks” approach. Hydrau¬ 
lic servo actuators provide the basic 
three degrees of freedom: roll, pitch 
and heave. 

The capability of the system can 
be expanded by addition of modular 
increments. Thus customer require¬ 
ments can be met for as many as six 
degrees. 


New Synergistic System 

Link has developed a six-degree- 
of-freedom synergistic system of an 
entirely new design. The result is sig¬ 
nificant improvements in perform¬ 
ance, maintainability and safety. 

The advantages include: 

—Higher fidelity: The new system 
utilizes latest state-of-the-art compo¬ 
nents to provide higher performance 
parameters than conventional sys¬ 
tems, meeting and exceeding exact¬ 
ing military standards. 

—Improved reliability: The num¬ 
ber of moving parts has been re¬ 
duced, many being replaced with 
solid state electronic components, 
and consequently maintenance is 
simplified. 

—Cost effectiveness: CJse of stand¬ 
ardized design and off-the-shelf parts 
results in lower costs, both for acqui¬ 
sition and upkeep. 

Improvements include simplified 
plumbing, strengthened platforms, 
streamlined legs, quieter pumps and 
condensed electronics. 

One significant technical break¬ 
through was development of a high- 
performance actuator assembly. 
Conventional systems had a friction 
problem which produced undesirable 
“bumps” in motion cues. Link solved 
this problem with a unique hydro¬ 
static bearing which reduces static 


friction forces by 86%. This im¬ 
proves performance by ensuring 
smoother directional transition of 
the motion leg. 

An ultrasonic linear displacement 
transducer eliminates all mechanical 
coupling and resultant play between 
the actuator and sensor, assuring ex¬ 
tremely accurate position feedback. 

Also unique is a major safety im¬ 
provement—an ingenious device 
called a piccolo tube, with holes 
through which fluid is forced in de¬ 
creasing volume as the piston moves 
downward. This foolproof system has 
no moving parts and limits maxi¬ 
mum G forces to safely acceptable 
levels. 

Operating pressure is considerably 
less than with conventional systems, 
permitting use of vane type pumps 
and significantly reducing noise lev¬ 
els around the motion base and in 
the pump room. 

The plumbing has been simplified, 
with a 60% reduction in complexity. 
The motion system has a lower pro¬ 
file, the platform being closer to the 
floor because the distance between 
the legs has been increased, reduc¬ 
ing forces on the actuators, joints 
and floor in extreme attitudes. 

Electronics have been simplified 
and compressed so that only half a 
cabinet is needed instead of the cus¬ 
tomary two double-bay cabinets. 
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Advanced Instructor/ 

Operator Station 

Link has developed an Advanced 
Instructor/Operator Station to facili¬ 
tate training in todays highly com¬ 
plex simulation situations. 

Th h the station’s keyboard 
and CRT’s the simulator, including 
the visual system, can be completely 
monitored and controlled. Latest 
state-of-the-art components and 
techniques are utilized to provide 
maximum simplicity and flexibility. 

The instructor is supplied with 
more information, with less effort 
and concentration on his part, than is 
possible with conventional instructor 
stations. His attention therefore can 
be more fully devoted to the training 
situation at hand and to the trainee’s 
needs rather than operating the sim¬ 
ulator or keeping up with the situa¬ 
tion. This, combined with the greater 
amount of information easily availa¬ 
ble to him, makes him better able to 
utilize the simulator to its greatest 
capacity. 

Built-in flexibility is inherent in the 
design of the Advanced Instructor/ 
Operator Station. This enables users 
to meet constantly changing training 
needs and requirements and to ac¬ 
commodate new simulator programs 
without costly hardware changes. 




G-Suits 


G-Seats 

Sustained G simulation is provided 
by cockpit G-seats. 

The seats duplicate the body feel 
of pressure during sustained accel¬ 
erations, such as turns and pullouts 
from dives. 

The pressure is supplied by air 
forced into individual cells in the 
back rest and seat pan and along the 
thighs. The lap belt is also indepen¬ 
dently driven to provide cues to posi¬ 
tive and negative accelerations. 

The distribution of pressures on 
the surface of the pilot’s body is 
computer-controlled to simulate his 
inertia as he moves during maneu¬ 
vering with respect to the seat and 
lap belt. 

Contours of the seat change to 
reflect even small onset cues result¬ 
ing from slight aircraft movement. 


Sustained acceleration effects also 
can be simulated by a G-suit system 
in the cockpit. 

G-suit simulation provides essen¬ 
tial cues during high G maneuvering 
to help prevent exceeding the aircraft 
operating envelope. 

In an actual aircraft, G-suits exert 
pressure on the pilot from 1.75 G’s to 
10 G’s. In a simulator the pilot’s body 
does not expand into the G-suit as it 
does in the aircraft and therefore he 
is more sensitive to pressure and less 
is required. Pressure is supplied to 
the suit when the upward accelera¬ 
tion at the pilot’s position, as com¬ 
puted in the equations of motion, ex¬ 
ceeds 1.75 G, to a maximum of 15 
psi. 











Industrial Training Systems 


Simulation techniques are proving 
increasingly valuable in industrial 
training. 

The number of applications 
increases as industrial equipment 
becomes more sophisticated and as 
labor and materials become more 
expensive. 

Link produces a wide variety of 
industrial training devices, ranging 
from part task and universal process 
trainers to more elaborate systems for 
railroad and power plant training. 

































Power Plant Simulators 


One of the newest uses for simula¬ 
tion is training personnel to operate 
power-generating plants. Such simu¬ 
lators are highly desirable since oth¬ 
erwise training necessitates costly 
plant shutdowns. 

Control room operator power plant 
simulators, both nuclear and fossil 
fuel, are full-size replicas of power 
plant control rooms, complete with 
all functioning controls and instru¬ 
ments. The functions are represented 
by accurate mathematical models, 
including physical, electrical and 
aural effects, which are stored in 
high-speed computers providing 
real-time responses. 

Simulations include hot and cold 
starts, normal operation, complete 
and partial shutdowns and various 
malfunctions and emergency drills. 

All metering, alarm and trip 
responses are displayed exactly as 
they would appear under actual 
working conditions. Exercises can be 
stopped at any point, permitting 
analysis and repetition of trainees 
actions. 

Link has supplied the vast majority 
of the world s power plant simulators 
and has simulated all types of power 
plants: boiling water reactor, pres¬ 
surized water reactor and fossil fuel. 









Oil Refinery Simulator 

The world’s first oil refinery simu¬ 
lator was designed and built by Link 
for the Libyan Institute of Petroleum 
to train technicians for the country’s 
oil and petro-chemical industries. 

The training center has not only a 
central control room but also a repre¬ 
sentation of the remainder of the 
plant. The latter includes tanks, 
drums, piping, platforms, catwalks, 
steam generating boiler, heat ex¬ 
changer, fuel oil pumps, cooling 
tower, de-aerator, pumps, compres¬ 
sors and so forth—all designed to ap¬ 
pear real but with their functions sim¬ 
ulated. 

The only functional equipment 
provided was a standby diesel gener¬ 
ator. 


Process Operator Simulators 

Link developed the Process Opera¬ 
tor Training Simulator to provide an 
economic answer to the process in¬ 
dustries requirement for more effec¬ 
tive training. 

The trainee control panel is a real¬ 
istic representation of any modern 
process plant control room. The 
standard unit contains 24 instrument 
module positions for interchangea¬ 
ble process controllers, indicators, 
pump stations or similar devices. 

Inputs to the simulator’s digital 
mini computer include process con¬ 
trol actions manually initiated by the 
trainee (as well as automatically by 
controllers) and parameter changes 
and malfunctions inserted by the in¬ 
structor. The device can be repro¬ 
grammed to simulate any other pro¬ 
cess even before plant construction 
is completed. 
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Railroad Simulators 



Link built the first locomotive train 
simulator. It realistically reproduces 
the sounds, sights and movements of 
train operation without actually mov¬ 
ing over the rails. 

The simulator includes a full-scale 
mock-up of a modern diesel locomo¬ 
tive cab, complete with throttle, 
brake and other controls and gauges. 

Trainees view a screen on which is 
projected exactly what an engineer 
sees during an actual run. Film se¬ 
quences incorporate a selection of 
both routine and unusual operating 
situations, including signal compli¬ 
ance, meeting and passing other 
trains and other incidents requiring 
specific actions. Emergency situa¬ 
tions which would be hazardous dur¬ 
ing a regular run can be simulated in 
perfect safety. 

Also simulated, with a digital com¬ 
puter, are sounds and motions of 
train operations. 
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SUPPORT OPERATIONS 


Link backs the systems it sells with 
full support—around the world, 
around the clock. 

Experienced personnel are avail¬ 
able day and night for telephone 
consultation and, if necessary, im¬ 
mediate dispatch to customer sites. 
Emergency replacement parts are 
quickly provided. 

Link installs each system and gives 
instructions for its operation and 
maintenance. It cooperates with cus¬ 
tomers in analyzing facilities and re¬ 
quirements so as to make recom¬ 
mendations for spares provisioning. 

Link also stands ready to furnish 
maintenance on a continuing basis. 
Highly qualified personnel are as¬ 
signed fulltime to customers’ sites, 
assuring maximum utilization of 
training devices with consequent 
cost savings. Link has a number of 
such maintenance contracts, includ¬ 
ing one with the National Aeronau¬ 
tics and Space Administration for 
total engineering support of the as¬ 
tronaut-training simulators. 

Other on-site support programs in¬ 
clude ones for Link helicopter train¬ 
ing systems, SAAC, ASUPT, and 
(JPT programs, and the Crew Station 
Design Facility at Wright-Patterson 
Air Force Base. Depot support is pro¬ 



vided at many Air Force bases 
around the world. 

Link also provides its customers 
with modifications of existing simu¬ 
lation systems to capitalize on ad¬ 
vances in the state of the art and re¬ 
flect updating of various aircraft. 

Technical Training 

Link not only provides qualified 
field service personnel to support 
simulator installations but also has 
facilities for training customer per¬ 
sonnel in simulator operation and 
maintenance. 

The Link Training Center in Bing¬ 
hamton, N.Y., is furnished with all 
classroom equipment required to as¬ 
sure effective instruction. The in¬ 
structors are experienced simulation- 
knowledgeable specialists, with prov¬ 
en technical academic ability and 
broad backgrounds in electronics 
and computers. 

The classrooms are in the same 
plant where simulators are assem¬ 
bled and checked out, affording stu¬ 
dents the opportunity for hands-on 
equipment training. 

Simulation Facilities Services 

A Simulator Facilities Department 
was created to meet an increasing 
demand from Link customers for 
help in housing simulation equip¬ 
ment. 

The department is staffed with per¬ 
sonnel qualified in civil, mechanical 
and electrical disciplines related to 
the building industry who also are fa¬ 
miliar with simulation equipment re¬ 
quirements. It can assist in the de¬ 
sign of new buildings or ensure that 
existing structures are properly mod¬ 
ified to accept simulation equip- 
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